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SECTIOH  I.— INSTITUTE  ANNOVHCSHENTS. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute,  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Transactions. 


SECTION  II.-TECHNICAL  FAPEBS  AND  DISCUSSIONS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents.  They  have  been  so  printed  and 
arranged  (blank  pages  being  left  when  necessary)  that  they 
can  be  separately  removed  for  classified  filing,  or  other  inde- 
pendent use. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  11.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  ear- 
nestly invited. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  29  W.  89th  St.,  New  York,  K  Y.  (Telephone 
number  4600  Bryant). 


OFFICERS. 

For  the  year  ending  February,  igio. 
COUNCIL* 

P&ESIDBMT  OF  THE  COUMCIL. 

D.  W.  BRUNTON Denver,  Colo. 

(Term  expires  February,  1910.) 

VlCE-PRBBIDENT8  OF  THE  CoUNCUi. 

J.  PARKE  CHANNING New  York,  N.  Y. 

FREDERICK  W.  DENTON Painbsdale,  Mich. 

JOHN  B.  PARISH Denver,  Colo. 

(Term  ezpires  February,  1910.) 

W.  C.  RALSTON San  Franciboo,  Cal. 

W.  L.  SAUNDERS New  York.  N.  Y. 

H.  V.  WINCHELL St.  Paul,  Minn. 

(Term  expires  February,  1911.) 

Councilors. 

B.F.  FACKENTHAL,  Jr Easton,  Pa. 

H.  O.  HOFMAN Boston,  Masb. 

WALTER  R  INGALLS New  York,  N.  Y. 

(Term  expires  February,  1910.) 

ARTHUR  S.  DWIGHT New  York,  N.  Y. 

R  V.  NORRIS Wilkes-Barre,  Pa. 

WILLIAM  H.  SH(X)KLEY Tonopah,  Nev. 

(Term  expires  February,  1911.) 

KARL  EILERS New  York,  N.  Y. 

ALEX.  C.  HUMPHREYS New  York,  N.  Y. 

W.  Q.  MILLER Toronto,  Canada. 

(Term  expires  February,  1912.) 

Secretary  of  the  Council. 

R.  W.  RAYMOND,  29  W.  39th  St New  York,  N.  Y. 

(Term  expires  February,  1910.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHER8 New  York,  N.  Y. 

CORPORATION. 

JAMES  QAYLEY,  President ;  JAMES  DOUGLAS,  Vice-President ; 

R.  W.  RAYMOND,  Secretary  ;  FRANK  LYMAN,  Treasurer  ; 
JOSEPH  STRUTHERS,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 

(Term  expires  February,  1910.) 

■JAMES  DOUGLAS,  JAMBS  F.  KEMP,  ALBERT  R.  LEDOUX. 

(Term  expires  February,  1911.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R  W.  RAYMOND. 

(Term  expires  February,  1912.) 

Consulting  Attorneys,  Blair  &  Rndd,  New  York,  N.  Y. 

*  Secretary's  Note. — The  Council  is  the  professional  body,  haying  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  convenience,  composed  of  members  residing  in  New  York. 
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INSTITUTE  ANNOUNCEMENTS. 
Proposed  Increase  of  Annual  Dues. 

At  the  Annual  Meeting  of  the  Institute,  February,  1908,  the 
following  amendments  to  the  Constitution  were  proposed  for 
action  at  a  future  business  meeting  (see  Trans.  ^  XXXIX,  xxvii) : 

To  Art.  II.  After  the  first  sentence  of  this  Article,  add  the 
following  sentence  : 

"  These  classes  may  be  subdivided  by  the  Council,  accord- 
ing to  profession,  length  of  membership,  nationality,  or  other 
conditions  not  inconsistent  with  the  provisions  of  this  article.*' 

To  Art.  in.  In  the  first  line,  substitute  "  fifteen ''  for  « ten  " 
dollars. 

At  the  Annual  Meeting  of  February,  1909,  action  upon  these 
amendments  was  postponed  to  the  next  business  meeting  (see 
BvUeiin  No.  27,  March,  1909,  p.  xiv). 

Of  these  two  amendments,  the  first  has  been  withdrawn,  as 
unnecessary — the  subdivision  thereby  authorized  being  already 
practicable  without  such  amendment. 

The  second  amendment  will  be  acted  upon  at  the  next 
Annual  Meeting,  February  15,  1910,  and  the  Secretary  has 
been  instructed  to  call  the  attention  of  members  to  the  subject 
in  such  a  way  as  to  secure  a  general  vote  upon  it.  A  special 
circular,  now  being  prepared  by  the  Secretary,  will  shortly  be 
sent  to  all  members. 


Year  Book  of  the  Institute. 

The  Year  Book  of  the  Institute  for  1910  is  sent  to  all  mem- 
bers and  associates  with  this  issue  of  the  Bvlleiin.  In  addition 
to  the  lists  of  members  enrolled  Jan.  1,  1910,  and  arranged 
both  alphabetically  and  geographically,  this  annual  contains 
lists  of  officers,  council,  corporation,  past  officers,  meetings, 
and  notices  concerning  publications ;  also  the  constitution  and 
by-laws  of  the  Institute,  and  blank  forms  for  proposal  of  mem- 
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bership  and  change  of  address.  In  order  to  facilitate  the  work 
of  the  Institute,  each  member  is  earnestly  requested  to  give 
prompt  notice  of  any  change  of  address  to  the  Secretary's 
office. 

International    Congress    for    Mining,   Metallurgy, 
Applied  Mechanics,  and  Practical  Geology, 

Diisseldorf,  igio. 

As  already  announced  in  Bulletin  No,  32,  August,  1909,  the 
Congress  will  meet  at  Diisseldorf  during  the  last  week  in  June, 
1910.  Extensive  preparations  are  in  progress,  including  visits 
to  technical  institutions  and  industrial  establishments,  excur- 
sions to  localities  of  geologic  interest,  etc.,  which  will  have  a 
direct  bearing  on  the  papers  and  addresses  presented  at  the 
meeting. 

The  following  information,  dated  October,  1909,  has  been 
received  from  the  Secretary  of  the  Congress : 

Membership : 

There  will  be  two  grades  of  membeiBhip  of  the  Congress,  as  follows  : 

1.  Members,  who  are  entitled  to  become  patrons  of  the  Congress  by  payment  to 
the  funds  of  a  contribution  of  not  less  than  100  marks  (£5). 

2.  Members,  who  pay  a  subscription  of  20  marks  (£!)• 

The  first-named  class  of  members  or  patrons  wiU  be  entitled  to  receive  the 
printed  reports  of  all  proceedings  of  the  Congress  and  of  all  its  sections.  Mem- 
bers of  the  second  class,  or  ordinary  members,  will  receive  the  reports  of  that 
section  only  in  which  they  enroll  themselves.  The  proceedings  of  any  one  of  the 
other  sections  are  obtainable  at  an  additional  charge  of  5  marks  (5s. )  in  each  case. 

Meetings  and  Excursions : 

The  work  of  the  Congress  will  be  performed  : 

1.  In  General  Meetings,  at  which  various  papers  of  general  interest  will  be 
presented. 

2.  In  sectional  Meetings,  for  the  purpose  of  discussing  important  problems  re- 
lating to  Mining,  Metallurgy,  Applied  Mechanics,  and  Practical  Geology. 

3.  By  making  visits  to  scientific  Institutions  and  industrial  undertakings,  etc., 
and  by  excursions  to  districts  of  geological  interest. 

For  the  purpose  of  entertaining  ladies  accompanying  members  to  the  Congress, 
a  Ladies'  Committee  will  be  formed,  which  will  endeavor  in  every  way  to  render 
the  stay  of  the  lady  visitors  in  Diisseldorf  as  agreeable  and  enjoyable  as  possible. 

Provisional  Program : 

Section  I :  Mining. 
1.  Shaft-sinking,  with  special  reference  to  the  cement  processes,  freezing  proc- 


and  tubbing  of  shafts  at  great  depths.     The  lining  of  shafts 
with  concrete  and  reinforced  concrete. 
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2.  Methods  of  working,  mine  snpports,  with  special  reference  to  hydraulic 

packing,  the  ase  of  reinforced  concrete,  the  preservation  of  timber,  and 
lighting  of  collieries. 

3.  Winding  and  haulage,  with  special  reference  to  winding  ropes,  safetj- 

catches  and  appliances,  undergroand  haulage,  and  haulage  from  the 
working  faces. 

4.  Mine  drainage. 

5.  Bisks  arising  from  fire-damp,  coal-dust,  and  underground  fires,  and  the 

methods  of  combating  these. 

6.  The  mechanical  preparation  of  coal  and  ore,  the  recovery  of  bye-products, 

briquetting,  and  the  utilization  of  low-grade  fuels. 

7.  Becent  practice  in  mine  surveying. 

8.  Statistics. 

9.  Sanitation  and  hygiene. 

Section  IT :  Metallurgy. 

A.  Production  of  pig  iron. 

1.  Coking. 

(a)  Ovens. 

(b)  Mechanical  appliances. 
{c}  Recovery  of  bye-products. 

2.  Ore  supply. 

(a)  Recent  discoveries  of  ore. 

(b)  Recent  development  and  prospects  of  the  ore  briquetting  processes* 

3.  Metallurgy  of  the  blast-furnace  process. 

(a)  Influence  of  foreign  substances. 

(b)  Composition  of  slag. 

4.  Blast-furnace  working. 

(a)  Ore  conveyance,  storage,  and  charging. 

(b)  Gas-washing  and  purification  of  the  waste  water. 

(c)  Dry  air-blast. 

(d)  Casting  machines  and  mixers. 
6.  Utilization  of  waste  products. 

(a)  Gases. 

(b)  Dust  from  blast-furnace  gases. 

(c)  Slag  (for  hydraulic  packing,  cement,  stone,  concrete). 

K  Production  of  malleable  iron. 

1.  Advances  in  the  methods  of  the  metallurgioal  treatment  of  iron  and  steel. 

(a)  Air-blast  refining  processes. 

(b)  Open-hearth  refining  processes. 

(c)  Processes  for  the  production  of  electro-steel. 

2.  Production  and  treatment  of  special  alloys  of  steel. 

C.  Iron  and  steel  manufacture. 

1.  Improvements  in  the  methods  of  casting  iron  and  steeL 

2.  Farther  treatment  of  malleable  iron. 

(a)  Forging  and  pressing. 

(b)  BoUing. 

(c)  Fitting. 

(d)  Development  of  the  welding  processes. 


viii  Monthly  Bulletin,  No.  ST,  Janitart,  1910. 

S.  The  driving  of  rolling-mills  considered  technicftllj  and  eoonomicellj 
(steam,  gas,  electrioitj). 

D.  Testing  of  iron  and  other  metals. 

1.  Chemical  testing. 

2.  Mechanical  testing. 

3.  Metallography  and  microscopy  of  metals. 

£.  Economics  of  the  iron  industry. 

1.  Iron  trade  statistics. 

2.  Lahor  conditions  and  labor  supply. 

3.  Patent  rights. 

F.  Advances  in  the  metallurgy  of  non-ferrous  metals. 

Section  III :  Applied  Mechanics. 

1.  History  of  machine  construction  for  mining  and  metallurgical  purposes. 

2.  Steam  raising. 

3.  Central  electric  power  stations. 

(a)  Reciprocating  engines  (steam,  gas). 

(b)  Turbo-engines. 

4.  Central  condensing  plant. 

5.  Winding  engines. 

(a)  Steam  winders. 

(b)  Electric  winders. 

(c)  Safety  and  signalling  apparatus. 

6.  Pumping. 

7.  Fans  and  air-compressors. 

8.  Blowing  engines  for  blast-furnaces  and  steel  works. 

(a)  Beciprocating  blowers. 

(b)  Turbo-blowers. 

9.  Methods  of  driving  rolling-mills. 

10.  Rolling-mills  and  accessories. 

11.  Conveyors  for  mining  and  smelting  works. 

(a)  For  materials  in  bulk  (coal  or  coke). 

(b)  Special  cranes  and  ladle-cars. 

(c)  Loading  and  unloading  apparatus. 

Section  IV :  Practical  G^logy. 

1.  Importance  of  practical  geology  in  science  and  political  economy. 

2.  Stratigraphy  and  genesis  of  the  available  mineral  deposits.    Calculations  of 

their  yearly  output  and  resources. 

3.  Seismology,  terrestrial  magnetism,  and  terrestrial  heat. 

4.  Questions  relating  to  hydrology. 

5.  The  utilization  of  natural  sources  of  water  power.     Barrages. 

The  Committee  on  Organization  request  that  applications 
for  membership,  accompanied  by  a  remittance  through  the 
Post  Office  of  the  amount  of  the  subscription,  be  made  as  soon 
as  possible,  in  any  case  not  later  than  Mar.  1,  1910.  The 
remittance  should  be  made  payable  to  the  "  Stahlwerksverband 
A.-G.  Diisseldorf,  Kongress  1910.' 


99 


Ahsrioan  Institute  of  Mining  Enginbebs.  ix 

Inquiries  concerning  membership  in  the  Congress^  announce- 
ment of  proposed  papers,  length  and  time  of  presentation,  sug- 
gestions, etc.,  may  be  addressed  to  Dr.  E.  Schrodter,  Secretary 
of  the  Committee  of  the  Congress,  Diisseldorf,  Jacobistrasse  3/5, 
Prussia. 

Office  Facilities  for  Visiting  Members. 

A  separate  room  in  the  suite  occupied  by  the  American  In- 
stitute of  Mining  Engineers  on  the  ninth  floor  of  the  United 
Engineering  Society  Building,  has  been  equipped  with  furni- 
ture and  telephone  extension  for  the  temporary  use  of  mem- 
bers of  the  Institute  or  of  sister  societies,  or  visitors  suitably 
accredited. 

Members  of  the  Institute  visiting  New  York  for  a  short  time, 
who  need  office  facilities  during  their  stay,  or  members  residing 
in  the  city  who  need  temporary  office  accommodation,  can 
arrange  to  have  set  apart  for  their  exclusive  use  a  room,  equipped 
with  office  furniture,  telephone,  etc.,  in  the  suite  of  the  Insti- 
tute. It  is  not  the  intention  to  give  possession  of  the  room  to 
any  individual  for  an  indefinite  time,  but  to  ofier  to  members 
of  the  Institute  an  opportunity  to  acquire  a  well-located,  well- 
equipped  business  headquarters  to  carry  on  transactions  which 
would  not  warrant  the  establishment  of  a  permanent  office. 
The  room  devoted  to  this  purpose  is  entirely  separate  from  the 
reception-  and  writing-rooms  for  the  general  use  of  the  mem- 
bers. A  small  fee  will  be  required  for  the  use  of  the  facilities 
furnished.  For  the  conditions  of  this  privilege,  inquiry  should 
be  made  at  the  office  of  the  Secretary  of  the  Institute. 


How  to  Use  the  "Transactions"  of  the  Institute. 

Buy  a  copy  of  the  Complete  Analytical  and  Alphabetical  Index  of 
Volumes  I.  to  XXXY.^  inclusive. 

If  you  own  a  full  set  of  the  Transactions^  this  Index  will  make 
the  whole  of  it  instantaneously  available  without  detailed  re- 
search into  each  volume  separately. 

If  you  do  not  own  such  a  set,  this  Index  will  be  even  more 
valuable,  for  it  will  show  you  what  particular  papers  you  need 
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to  know  more  about,  and  perhaps  to  study.  Thus,  any  person 
possessing  this  Index  can  ascertain  at  once  what  has  been  pub- 
lished in  the  Dransactums  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still 
to  be  had  in  pamphlet  form,  where  it  can  be  consulted  in  a 
public  library,  at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  IVansac- 
tians,  this  Index  will  be  a  great  convenience ;  but  to  those  who 
do  not,  it  will  be  a  professional  necessity. 

This  volume  is  an  octavo  of  706  pages,  containing  more  than 
60,000  entries,  duly  classified  with  sub-headings,  and  including 
abundant  cross-references.  It  has  not  been  stereotyped,  and 
the  edition  is  limited  to  1,600  copies.  The  price  of  the  volume, 
bound  in  cloth,  is  (5,  and  bound  in  half-morocco  to  match  the 
Transactions y  $6.  The  delivery  charges  will  be  paid  by  the 
Institute  on  receipt  of  the  above  price. 


Hydrographic  Chart. 

Owing  to  the  great  value  to  hydrographers  of  the  chart  con- 
tained in  the  paper,  A  Graphic  Solution  of  Kutter's  Formula, 
by  L.  I.  Hewes  and  Joseph  W.  Roe  (Btdletin  No.  29,  May, 
1909,  p.  454),  a  special  edition  for  office  or  field  use  has  been 
printed  on  durable  cloth.  Copies  of  this  separate  chart  may 
be  obtained,  at  a  cost  of  50  cents  each,  on  application  to  the 
office  of  the  Secretary  of  the  Institute. 


Special  Notice. 

Attention  is  respectfully  requested  to  the  announcement  on 
pages  12  and  13  of  the  advertising  section  of  this  Bulletin  con- 
cerning certain  books  and  periodicals  needed  to  complete  sets 
in  the  Library. 

Spokane  Meeting. 

Copies  of  the  "  Proceedings  of  the  Spokane  Meeting,"  printed 
in  pamphlet  form  with  special  covers,  may  be  obtained  at  a 
cost  of  50  cents  each,  on  application  to  the  office  of  the  Secre- 
tary of  the  Institute. 
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LIBRARY. 

American  Institute  of  Eleotrioal  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 

The  libraries  of  the  above-named  Societies  are  open  from 
9  a.m.  to  9  P.M.  on  all  week-days,  except  holidays,  from  Septem- 
ber 1  to  June  30,  and  from  9  a.m.  to  6  p.m.  during  July  and 

August. 

RULES. 

For  the  protection  and  convenience  of  members,  the  follow- 
ing rules  have  been  adopted : 

The  Secretary  of  each  Society  will,  upon  application,  issue 
to  any  member  of  his  Society  in  good  standing  a  personal,  non- 
transferable card,  entitling  him  to  the  use  of  the  Libraries  in 
the  alcoves  of  the  Reading-Room. 

This  card,  as  well  as  any  card  of  introduction  given  to  a 
non-member,  must  be  signed  by  the  person  receiving  it,  and 
surrendered  at  the  desk  at  the  time  of  its  presentation.  At 
every  visit  he  must  identify  himself  by  signing  his  name  in  the 
registry. 

Strangers  who  desire  to  enjoy  the  privilege  of  entering  the 
alcoves  are  requested  to  present  either  letters  of  introduction 
from  members,  or  cards,  such  as  will  be  ftirnished  upon  appli- 
cation  by  the  Secretary  of  each  Society.  The  first  two  alcoves 
are  free  to  all ;  and  admission  to  the  inside  alcoves  is  given 
upon  proper  introduction. 

The  above  rules  apply  to  all  persons  except  officers  of  the 
three  Societies,  personally  known  as  such  to  the  librarians. 

The  librarians  are  not  permitted  to  lend  to  any  person  any 
catalogued  pamphlet  or  volume,  unless  authorized  in  writing  so 
to  do  by  the  Secretary  or  Chairman  of  the  Library  Committee 
of  the  Society  to  which  the  pamphlet  or  volume  belongs. 

Any  person  discovering  a  mutilation  or  defect  in  any  book 
of  the  libraries  is  requested  to  report  it  to  the  librarian  on  duty. 
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Library  Additions. 

From  Dec.  1  to  Dec  31,  1909. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of  Me- 
chanical Engineers  and  the  American  Institute  of  Electrical  Engineers  can  be 
obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.] 

[SEGBinrABY's  Note. — In  my  notice  of  Professor  Austin's  book  on  The  Metal- 
lurgy of  the  Common  Metals,  in  the  Bulletin  for  December,  1909, 1  said  that  the 
metallurgy  of  steel  had  been  omitted  from  it  altogether.  This  was  an  error,  into 
which  I  was  led,  in  my  hasty  examination  of  the  book,  by  the  circumstance  that 
nothing  about  steel  was  given  under  ''Iron,''  and  that  there  was  no  separate  title 
"  Steel."  I  did  not  notice,  under  the  head  of  **  Befining,"  eight  pages  devoted 
to  the  refining  of  cast-iron,  the  puddling  of  pig-iron,  the  acid  Bessemer  process 
and  the  basic  open-hearth  process.  The  statements  contained  in  these  pages  are 
intelligent  and  correct ;  and  they  entitle  Professor  Austin  to  claim  that  he  has 
not  altogether  neglected  this  subject.  But  they  do  not  constitute  a  comprehen- 
sive treatment  of  it,  or  possess  in  any  degee  the  original  value  which,  as  I  de- 
clared in  my  notice,  pertains  to  other  portions  of  his  book. — B.  W.  B.  ] 

Almon  Dakfobth  Hodoes  and  His  NEiOHBOsa  Edited  by  Almon  D.  Hodges, 
Jr.  Privately  printed.  Boston,  1909.  (Gift  of  Amory  G.  Hodges  and 
Almon  D.  Hodges,  Jr. ) 

[Secretabt's  Note. — The  subject  of  this  volume  was  bom  Jan.  25,  1801,  at 
Norton,  Mass.,  spent  his  maturer  years  in  Providence  and  Boston,  and  died  in 
1878.  For  sixty  years  he  kept  a  journal,  which  has  furnished  to  the  son  who  edits 
this  volume  abundant  autobiographical  material,  and  this  material  has  been  so 
illustrated  and  complemented  by  the  filial  zeal  and  literary  skill  of  the  editor  as 
to  make  the  book  a  graphic  description  of  New  England  conditions  during  the 
period  which  it  covers.  Such  chapters  as  ''The  Town  of  Norton  in  1801,''  *'  An 
Old  New  England  Clothier,"  Apprentice  Days,"  etc.,  are  admirable  sketches  of 
life  and  manners,  and  the  chapter  on  The  Dorr  War  of  1842  is  a  valuable  contri- 
bution to  history  from  one  who,  as  a  military  commander,  was  an  actor  in  that 
serious  yet  humorous  episode.  Colonel  Hodges  was  an  upright,  able  and  in- 
fluential citizen  ;  and  the  frame  in  which  his  reminiscences  are  set  puts  his  per- 
sonality in  effective  relief.  His  son  has  well  called  him  ''a  typical  old  New 
Englander."  Belonging,  as  he  did,  to  the  times  and  ways  ''before  the  War,"  he 
was  too  old  for  military  service  in  the  field  when  that  crisis  came  ;  but  he  gave  to 
the  Union  army  four  sons,  of  whom  one  died  in  hospital  and  one  in  battle.  The 
book  is  an  unusually  instructive  and  entertaining  memorial,  full  of  humor  and 
inspiration. — R.  W.  R.] 

Amertgak  Museum  of  Natural  History.     Bulletin.    Vol.  26,  1909.     New 

York,  1909.     (Exchange.) 
American  Society  of  Civil  Engineers.    Constitution  and  List  of  Members, 

1909.     New  York,  1909.     (Exchange.) 
Analyse  Thermique  et  M^tallographie  Micro6GOPIQus.     By  E.  Rengade. 

Paris,  Hachette  et  Cie.,  1909.     (Gift  of  Publishers.) 
Bericht  der  Sencsenberoischen    Naturforschenden   Gesellschaft  in 

Frankfort  am  Main,  1909.     Frankfurt  a/M.,  1909.     (Gift  of  Dr.  James 

Douglas.) 
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Bibliography  of  North  Ame&icak  Gsology  for  1908,  with  Subject  Index. 
(Bulletin  No.  409,  U.  8.  Geological  Sarrey.)  By  J.  M.  Nickels.  Wash- 
ington,  1909.     (Exchange.) 

Brtsf  Deboriftion  of  the  Washoe  Smelter,  August,  1909.  Anaconda, 
1909.     (Gift  of  the  Anaconda  Chopper  Mining  Go. ) 

British  Standard  Specifications  for  Ingot  Steel  Forgings  for  Marine 
Purposes.  (Engineering  Standards  Committee,  Publication  No.  29. )  Lon- 
don, 1909.     (Exchange.) 

California  State  Mining  Bureau.     Bulletin  Nos.   54,   55.    San  Francisco, 

1908.  (Exchange.) 

Cement  Bbm>urceb  of  Virginia  West  of  the  Blue  Ridge.  By  B.  S.  Bass- 
ler.     Cfaarlottesyille,  1909.     (Gift) 

CKNTRALBLATT    Ft^R     MiNERALOGIE,    GSOLOGIE    UND     PaLAONTOLOGIE,     1908. 

Stuttgart,  1908.     (Purchase.) 
Chemical,  Mstalluroical,  and  Mining  Society  of  South  Africa.    List  of 

Members,  1909.     Johannesburg,  1909.     (Exchange.) 
Cost  of  Mining.     By  J.  R.  Finlay.     New  York,  McGraw-Hill  Book  Company, 

1909.  Price,  $5  net     (Gift  of  Publishers. ) 

[Secretary's  Note. — This  book  belongs  to  a  class  heretofore  too  scantily  rep- 
resented in  our  mining  literature.  From  time  to  time  articles  or  paragraphs  giv- 
ing more  or  less  accurate  estimates  of  mining-costs  at  specified  localities  appear 
in  the  technical  journals  or  in  professional  papers.  Even  a  compilation  of  such 
scattered  material,  like  the  book  on  *' Economics  of  Mining,"  published  in  1905 
under  the  editorship  of  Mr.  T.  A.  Rickard,  and  composed  of  contributions  by  sun- 
dry authors  (including  Mr.  Finlay)  to  the  Engmuring  and  Mining  Jfmmalj  is 
greatly  useful ;  but  this  book  may  claim  a  higher  value,  as  a  critical  summary  of 
the  subject  from  the  hand  of  an  expert,  who  has  not  merely  collected,  but  also 
sifted  and  judged,  his  crude  material,  and  who  accompanies  the  statement  of  his 
results  with  a  helpful  exposition  of  principles.  One  reason,  I  fancy,  for  the  dearth 
of  such  books  is,  that  the  costs  of  mining  constantly  vary  even  in  the  same  locality, 
according  to  changes  in  physical  conditions,  machinery,  methods  and  wages.  It 
has  doubtless  seemed  to  mining  engineers  almost  a  waste  of  time  to  chronicle  fig- 
ures as  problematic  and  ephemeral ;  and  the  consequence  has  been,  to  a  large  ex- 
tent^ that  such  figures  have  been  presented  chiefly  in  the  sanguine  prospectuses  of 
new  enterprises,  or  buried  beyond  recognition  in  the  particular  system  of  book- 
keeping followed  by  this  or  that  mining  company.  Yet  this  question  of  mining- 
costs  is  one  which  the  young  mining  engineer  ought  specially  to  understand.  And 
it  is  not  enough  that  he  should  be  told  what  the  mining-costs  in  a  given  locality, 
at  a  given  time,  actually  are.  Such  information  may  be  valuable,  in  proportion 
to  its  accuracy  and  authority.  But  it  is  more  important  that  he  should  be  enabled 
to  find  out,  for  himself,  by  the  study  and  analysis  of  confused  or  incomplete  data, 
what  these  costs,  in  a  given  case,  are. 

Mr.  Finlay,  qualified  by  20  years*  practical  experience  in  mining,  supplied  by 
technical  literature  and  much  correspondence  with  the  necessary  material,  and 
further  trained  by  the  discipline  of  his  work  as  a  lecturer  at  Harvard  University 
on  the  economics  of  mining  (a  discipline  which,  as  I  may  be  permitted  to  say, 
seems  to  be  an  invaluable,  if  not  indispensable,  preparation  for  technical  author- 
ship), has  produced  a  treatise  which  furnishes,  not  only  well-considered  data  of 
present  practice,  but  also  guidance  for  the  intelligent  criticism  of  the  reports  of 
future  practice.  His  book  contains,  besides  its  helpful  introductory  chapters  on 
the  value  of  mining-property,  the  factors  governing  variations  of  cost,  and  the 
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difference  between  ** partial"  and  ''complete''  costs,  separate  discussions  of 
economic  conditions  in  coal-mining ;  Lake  Superior  iron-mining  ;  copper-mining 
at  Lake  Superior,  and  in  Montana,  Australia,  Arizona,  Mexico,  etc. ;  the  mining 
of  lead-  and  silver-lead  ores ;  and  the  mining  of  gold  and  silver  in  various  forms 
and  localities.  Mr.  Finlay's  expositions  of  principles  and  his  discussions  of  varied 
conditions  are  characterised  by  logical  acuteness  and  practical  sense  of  relation 
and  perspective.  His  distinction  between  ''partial"  and  "complete''  costs  is 
particularly  nseful,  though  it  is  to  be  regretted  that  he  has  used,  to  a  consider- 
able extent,  as  a  synonym  for  the  latter,  the  much  less  clear  and  satisfactory  term, 
"selling  costs,"  by  which  he  means,  in  fact,  selling  prices,  which  will  cover  all 
costs,  including  that  of  the  amortization  of  capital  with  interest.  The  phrase  is 
meaningless,  without  the  author*s  explanation  ;  and  with  that  explanation,  it 
becomes  unnecessary.  But  this  is  not  the  place  for  such  criticisms.  The  readers 
of  this  book  will  be  in  no  danger  of  misunderstanding  it ;  and  its  propositions 
are  both  sound  and  timely. — ^B.  W.  R.] 

Descriptive  Skittch  of  the  Geology  and  Eoonomig  Mikebais  of  Canada. 
By  C.  A.  Young.     Ottawa,  1909.     (Exchange.) 

Ecological  Survey  of  Isle  Royale,  Lake  Superior.  Lansing,  1909.  (Ex- 
change. ) 

Engineers'  Club  of  Toronto.  Proceedings.  Vol.  1.  1909.  (Gift  of  Engi- 
neers' Club  of  Toronto. ) 

Geological  Literature  Added  to  the  Geological  Society's  Library, 
Dec.  31, 1908.    London,  1909.     (Exchange.) 

Geology  of  the  Disseminated  Lead  Deposits  of  St.  Francois  and  Wash- 
ington Counties.  (Missouri.  Bureau  of  Geology  and  Mines,  Vol.  IX.,  parts 
1-2.     By  E.  R  Buckley.)    Jefferson  City,  1908. 

Geology  of  the  Lewibtown  Coal  Field,  Montana.  (Bulletin  No.  390, 
U.  S.  Geological  Survey.)  By  W.  R.  Calvert.  Washington,  1909.  (Ex- 
change. ) 

Granite- Bimetallic  Consolidated  Mining  Company.     Annual  Report,  1907, 

1908.  St   Louis,   1908,    1909.     (Gift  of   Granite-Bimetallic  Consolidated 
Mining  Company. ) 

Institution  of  Mining  and  Metallurgy.  General  and  Personal  Index  to 
Transactions,  Vols.  1-15,  1892-1906.     London,  1909.     (Purchase.) 

International  Directory  of  Booksellers  and  Bibliophile's  Manual, 
1910.     By  James  Clegg.     Rochdale,  1910.     (Purchase.) 

Ibon  and  Steel  Inshtute.     Carnegie  Scholarship  Memoirs.     VoL  1.     London, 

1909.  (Exchange.) 

Ironmonger  Diary,  1910.     London,  1909.     (Subscription.) 

Jern  Eontorets  Annaleb.     Vols.  1,  12,  18,  21-29.     Stockholm,  1817,  1829, 

1835, 1838-45.     (Purchase.) 
Juris  Metallici,  uber  Bebg  Rechts  Spiegel.     N.  p.,  1698.     (Purchase.) 
Mercury  Minerals  from  Teblingua,  Texas.     (Bulletin  No.  405,  U.  S.  Gfeo- 
logical  Survey.)    By  W.  F.  Hillebrand  and  W.  T.  Schaller.     Washington, 
1909.     (Exchange.) 
Mining  Engineering  and  Mining  Law.     By  J.  D.  Hague.     (Reprinted  from 

JSngineering  and  Mining  Journal,  Oct.  20,  1904. )    (Gift ) 
Monographic  Revision  of  the  Twisted  Winged  Insects  Comprising  the 
Order  Strefsiptera  Eirby.     ^Smithsonian  Institution.    U.  8.  National 
Museum.     Bulletin  No.  60. )    By  W.  D.  Pierce.     Washington,  1909.     (Ex- 
change. ) 
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Neuss  Jahrbugh  fub  Mikebalogie,  Geologie  und  PalIontologie.    Vols. 

1-2,  1908.     Stottgart,  1908.     (Pnicluise.) 
Notes  on  Some  Mindio  Distbigts  in  Humboldt  C2oijnty,  Nevada.    (Bulletin 

No.  414,  U.  S.  Geological  Survey.)    By  F.  L.  Ransome.     Washington,  1909. 

(Exchange.) 
Petboleums  and  Coai^     (Oajiadian  Mining  Institute  Journal.)     By  £.  Coste. 

Montreal,  1909.     (Exchange.) 
Pleistocene  Geology  of  the  Leadville  Quadbanole,  Colobado.  (Bulletin 

No.  386,  U.  a  Geological  Survey.)    By  S.  R.  Capps,  Jr.    Washington,  1909. 

(Exchange. ) 
Pbimebof  Explosives  fob  Goal-Mines.     (Bulletin  No.  423,  U.  S.  Geologica 

Survey.)    By  G.  R  Mnnroe  and  Glarence  HalL     Washington,  1909.     (Ex- 
change. ) 
Pboduction  of  Goal,  Goke,  and  Peat  in  Ganada,  1907-1908.    Ottawa,  1909. 

(Exchange. ) 
Pboduction  of  Natubal  Gas  and  Petboleum  in  Ganada,  1907-1908.   Ottawa, 

1909.    (Exchange. ) 
Repobt    of   the   National  Gonsebvation  Gomhission,  Febbuaby,   1909. 

Washington,  1909.     (Gift) 
Repobt  on  Bbitish  Standabd  Pipe  Thbeads  fob  Ibon  ob  Steel  Pipes  and 

Tubes.     (Engineering  Standards  Gommittee,   Publication  No.  21,  revised.) 

London,  1909.     (Exchange.) 
Repobt  on  the  Ibon-Obe  Deposits  along  the  Ottawa  (Quebec  Side)  and 

Gatineau  RiVEBS.     ByF.  Girkel.    Ottawa,  1909.     (Exchange.) 
Repobt  on  the  Gtold,  Diamond,  and  Fobest  Industbies  of  Bbitish  Guiana, 

1908-1909.    Georgetown,  1909.     (Gift  of  Institute  of  Mines  and  Forests  of 

British  Guiana. ) 
Repobt  on  the  Mining*  Industby  of  Natal,  1907-1908.    Pietermaritsburg, 

1909.     (Exchange.) 
Sewebage,  Wateb,  and  Dbainaoe  System  of  New  Obleans.  By  G.  G.  Earl. 

N.  p.,  n.  d.    (Gift  of  Howard  Memorial  Library.) 
Sketch  of  the  Geogbaphy  and  Geology  of  the  Himalaya  Mountains 

AND  Tibet.     Parts  1-3.     By  S.  G.  Burrard  and  H.  H.  Hayden.     Galcutta, 

1907.     (Gift  of  India  Geological  Survey. ) 
The  South  in  the  Building  of  the  Nation.     History  of  the  Southern  States, 

Designed  to  Record  the  South' s  Part  in  the  Making  of  the  American  Nation. 

Vol.  I.     Richmond,  1909.     (Gift  of  Southern  Publication  Society.) 
Statistik  des  Bebgbaues  in  Ostebbeich.     Pt.  3,  1907 ;  Pt  1,  1908.     Wien, 

1909.     (Exchange.) 
Tasmania.     Mines  Depabtment.     Report  of  the  Secretary  for  Mines,  1908. 

Tasmania,  1909.     (Exchange.) 
Text-Book  of  Obe  Dbbssinq.    By  R.  H.  Richards.     New  York,  McGraw-Hill 

Book  Gompany,  1909.     (Gift  of  Publishers. ) 

[Sbcbetaby's  Note.— When  I  noticed,  in  the  BuUetin  for  December,  1909, 
Vols.  III.  and  IV.  of  Professor  Richards's  great  treatise,  I  did  not  know  that  he 
had  already  prepared  the  condensed  summary  in  a  single  volume,  which  I  then 
characterized  as  desirable.  It  is  fortunate  that  Professor  Richards  himself  has 
been  able  to  superintend  this  *' concentration  "  of  his  larger  work.  Nobody  else 
oonld  know  so  well  what  to  omit,  what  to  emphasize  and  what  to  generalize,  for 
the  purpose  of  a  manual  adapted  to  the  use  of  students  and  instructors.  For 
details  of  practice,  descriptions  of  many  mills  not  typical,  historical  data,  and 
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bibliography,  the  reader  will  have  to  consult  the  previoos  work.  But  this  volume 
contains  an  additional  chapter  on  coal-washing,  which  describes  the  principal 
machines  and  methods  used  in  preparing  coal  for  coking  and  for  the  market,  and 
discusses  in  detail  a  few  types  of  bituminous-coal  washeries. 

It  is  hardly  permissible  to  call  any  book  a  "classic,''  until  the  lapse  of  time  has 
shown  that  it  cannot  be  superseded  or  foigotten  in  its  particular  department.  But 
this  book,  and  the  great  work  of  which  it  is  a  summary,  constituting  as  they  do 
the  monument  of  a  long  professional  career  of  iacessant,  devoted  and  intelligent 
labor,  would  be  classical  now,  if  they  were  old  enough. — B.  W.  R.] 

Transvaal.     Mines  Depabtment.     Report  of  the  Geological  Survey,    1908. 

Pretoria,  1909.     (Exchange.) 
Utah  Copper  Gompant.   Annual  Report,  3d,  4th.   1908.    (Gift  of  J.  Struthers. ) 
Water  Resources  of  the  Blue  Grass  Reqion,  Kentucky.     (Water-Supply 

Paper  No.  233,  U.  S.  Geological  Survey.)    By  G.  C.  Matson.     Washington, 

1909.     (Exchange.) 

Gift  of  Enoineerino  and  Mining  Journal. 

American  Society  of  Naval  Engineers.  Journal.  Vol.  21,  No.  3.  Wash- 
ington, 1909. 

Annuaire  du  Bureau  des  Longitudes,  1910.     Paris,  1910. 

Annuario  della  Industria  Mineraria,  Metallurgica  e  Chimica  Italiana. 
Anno  11-1909.     Torino,  1909. 

Australia.  Census  Statistics  Bureau.  Trade,  Shipping,  Oversea  Migra- 
tion, and  Finance  of  the  Commonwealth  of  Australia.  (Bulletin  No.  29.) 
Melbourne,  1909. 

Ball,  J.  D.  W.  Distribution  of  Locomotive  Axle  Loads  in  Relation  to  Bridges. 
(Reprint  from  Institution  of  Civil  Engineers. )    London,  1909. 

Bartow,  Ed.,  and  others.  Mineral  Content  of  Illinois  Waters.  (Bulletin  No. 
10,  Illinois  Geological  Survey. )    Urbana,  1909. 

Canada.  Customs  Department.  Report  Containing  the  Tables  of  Imports, 
Exports,  and  Navigation,  1909.     Ottawa,  1909. 

Trade  and  Navigation.  Unrevised  Monthly  Statements  of  Imports  Entered 

for  Consumption  and  Exports  of  the  Dominion  of  Canada,  July,  1909.     Ot- 
tawa, 1909. 

Mines  Department.     Report  on  the  Chrome  Iron-Ore  Deposits  in  the 

Eastern  Townships,  Province  of  Quebec.     Ottawa;  1909. 

Report  on  the  Mining  and  Metallurgical  Industries  of  Canada,  1907-1908. 


Ottawa,  1908. 

Chalon,  p.  F.     Manuel  du  Mineur.     Ed.  4.     Paris,  1909. 
Connecticut.     Labor  Statistics  Bureau.     Report,  23d.     Hartford,  1908. 
Dale,  T.  N.    Chief  Commercial  Granites  of  Massachusetts,  New  Hampshire,  and 

Rhode  Island.     (Bulletin  No.  354,  U.  S.  Geological  Survey.)    Washington, 

1908. 
Gannett,  S.  S.  ,  and  Baldwin,  B.  H.     Results  of  Spirit  Leveling  in  West  Vir- 
ginia, 1896-1908,  inclusive.     (Bulletin  No.  399,  U.   S.  Geologica    Survey.) 

Washington,  1909. 
Girty,  G.  H.     Fauna  of  the  Caney  Shale  of  Oklahoma.     (Bulletin  No.  377,  U.  S. 

Geological  Survey.)     Washington,  1909. 
Goes,  W.  F.  M.    Utilization  of  Fuel  in  Locomotive  Practice.    (Bulletin  No.  402, 

U.  S.  Greological  Survey.)     Washington,  1909. 
Gregory,  H.  E.     Underground  Water  Resources  of  Connecticut.     (Bulletin  No. 

232,  U.  S.  Geological  Survey.)    Washington,  1909. 
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Hall,  M.  R,  and  BoloteBi  B.  H.  Surface  Water  Sopplj  of  the  United  States, 
1907-08,  Ft.  2.  (Bulletin  No.  242,  U.  S.  Geological  Survey.)  Washington, 
1909. 

Hanktnson,  T.  L.  Biological  Survey  of  Walnut  Liake,  Michigan.  Lansing, 
1908. 

HoBBS,  G.  Famagnsta  Harbour,  Cyprus.  London,  1909.  (Beprint  from  Insti- 
tution of  Civil  Engineers,  Vol.  176.) 

Illinois  Wateb-Supply  Association.    Proceedings,  1st  meeting.   Urbana,  1909. 

Italy.  Ministebo  belle  Fikanze.  Statistica  del  Commercio  Speciale  July  and 
August,  1909.     Roma,  1909. 

—  Movimento  Commerciale  del  Regno  d*  Italia,  1908.  Parte  Prima,  books 
1-3  ;  parte  seconda,  Vol.  1,  books  1-2.    Roma,  1909. 

Eebb,  E.  W.  Experimental  Study  of  Bagasse  and  Bagasse  Furnaces.  (Bulletin 
No.  117,  Louisiana  Agricultural  Experiment  Stations.)    Baton  Rouge,  1909. 

Lee,  W.  T.,  and  Gibty,  G.  H.  Manzano  Group  of  the  Rio  Grande  Valley,  New 
Mexica     (Bulletin  No.  389,  U.  S.  Geological  Survey.     Washington,  1909. 

Lesteb,  O.  C.  Some  Recent  Advances  in  the  Science  of  Physics.  Denver,  1909. 
(Reprint  Colorado  Scientific  Society,  VoL  IX. ) 

Mississippi.  State  Geolooical  Subvey.  Clays  of  Mississippi.  (Bulletin  No. 
2.)    Jackson,  1907. 

MoFFiT,  F.  H.,  and  Maddebn,  A.  G.  Mineral  Resources  of  the  Kotsina-Chitina 
Region,  Alaska.  (Bulletin  No.  374,  U.  S.  Geological  Survey.  Washington, 
1909. 

Musu-BoY,  R.     Lo  Zinco.     Milano,  1909. 

Papebs  on  the  C^nsebvation  of  Wateb  Resoubces.  (Water-Supply  Paper 
No.  234,  U.  S.  Geological  Survey.)    Washington,  1909. 

Pabk,  James.  Geology  of  the  Queenstown  Subdivision,  Western  Otago  Divi- 
sion. (Bulletin  No.  7,  New  Zealand  Geological  Survey.)  New  Zealand, 
1909. 

Pabkeb,  K  W.  Production  of  Coal  in  1908.  (Advance  chapter  from  Mineral 
Resources  of  the  U.  S.)    Washington,  1909. 

Pennsylvania.  Mines  Depabtment.  Report,  1907 — Pt.  1,  Anthracite.  Har- 
risburg,  1908. 

Pebu.  Cuerpo  de  Inoeniebos  de  Minas.  Boletin.  Nos.  70,  71,  73.  Lima, 
1909. 

Ransome,  F.  L.  Geology  and  Ore-Deposits  of  Goldfield,  Nevada.  (Professioual 
Paper  No.  66,  U.  S.  Geological  Survey.)    Washington,  1909. 

Royal  Statistical  Society.     Journal.     Vol.  73,  Pt.  3.     London,  1909. 

Tabb,  R.  S.  Yakutat  Bay  Region,  Alaska.  (Professional  Paper  No.  64,  U.  S. 
Geological  Survey.)    Washington,  1909. 

U.  S.  Education  Commissioneb.  Report,  1907,  Vol.  1 ;  1908,  Vol.  1.  Wash- 
ington, 1908. 

U.  S.  Geolooical  Subvey.  Mineral  Resources  of  the  United  States,  1906, 1907, 
Pts.  1-2.     Washington,  1906,  1907. 

U.  S.  Tbeabuby  Depabtment.  Annual  Report  of  the  Comptroller  of  the  Cur- 
rency, 1908.     Washington,  1908. 

Van  Hibb,  C.  R.,  and  Leith,  C.  K.  Pre-Cambrian  Geology  of  North  America. 
(Bulletin  No.  360,  U.  S.  Geological  Survey.)    Washington,  1909. 

Webneb,  C.  a.  Die  Mechanische  Beanspruchung  Raschlaufender  Magnetrader. 
Halle  a.S.,  1909. 

Webtebn  Austbalia.  Mines  Depabtment.  Report,  1907, 1908.  Perth,  1908, 
1909. 

Wt^ST,  F.    Die  Entwicklung  der  deutschen  Eisenindustrie.     Halle  a.S.,  1909. 
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Gift  of  the  Paint  Manufactubers*  Association  of  the  United  States. 

Carnegie  Library  of  Pittsburgh.     Metal  Corrosion  and  Protection.    Ed.  2. 
Pittsburgh,  1900. 

CusHMAN,  A.  8.     Preservation  of  Iron  and  Steel.     (U.  S.  Dept.  of  Agriculture. 
Office  of  Public  Koads.     Bulletin  No.  85.)    Washington,  1909. 

Gardner,  H.  A.    Concrete  Coatings.     (Bulletin  No.  20.)    1909. 

Excluding  and  Rust  Inhibiting  Properties  of  Paint  Pigments  for  the  Pro- 
tection of  Steel  and  Iron.    llK)9. 

Paint  Manufacturers'  Association  of  the  United  States.     First  Annual 
Report  of  the  Scientific  Section.    1909. 

First  Annual  Report  on  Atlantic  City  Steel  Test  Fence.     1909. 

First  Annual  Report  on  Wearing  of  Paints  Applied  to  Atlantic  City  Test 

Fence.     1909. 

First  Annual  Report  on  Wearing  of  Paints  Applied  to  Pittsburgh  Test 

Fence.     1909. 

Laboratory  Study  of  PanelH  of  Atlantic  City  and  Pittsburgh  Test  Fences. 

Preliminary  Report  on  Steel  Test  Fences.     1908. 

Recent  Technical  Developments  in  Paint  Manufacture. 


Perry,  R.  S.  Physical  Properties  of  Paint  Films.  (American  Society  for  Test- 
ing Materials.    VoL  VII. ,  1 907. ) 

Protective  Coatings  for  Conservation  of  Structural  Materials. 

Protective  Coatings  for  Structural  Materials  and  Discussion.     1909. 

Walker,  P.  H.,  and  McIlhiney,  P.  C.  Havre  de  Grace  Bridge  Test.  Includ- 
ing Analysis  of  Paints  and  Analytical  Methods.  (Report  of  Committee  "  E  " 
on  Preservative  Coatings  for  Iron  and  SteeL)  (American  Society  for  Testing 
Materials.    Proceedings,  VoL  VIIL,  1908.) 

AValker,  W.  H.     Function  of  Oxygen  in  the  Corrosion  of  Metals. 

Trade  Catalogues. 

Anaconda   Copper  Mining  Co.,  Anaconda,  Mont.     Catalogue  of  high-grade 

silica  fire-brick,  fire-clay  brick,  silica,  and  clay  tile,  as  well  as  important  in- 
formation regarding  refractories.     76  pages. 
Cyanide  Plant  Supply  Co.,  San  Francisco,  Cal.    The  Parrish  Continuous  Filter. 

Articles :    The  Filtration  of  Slime ;    Continuous    Collection  of    Sand   for 

Cyaniding ;  The  Parrish  Filter  as  a  Dewaterer.     16  pages. 
DiLLON-Box  Iron  Works  Co.,  Denver,  Colo. 

Twenty  horse-power  electric  hoist.    1  page. 

Fifty  horse-power  electric  hoist.     1  page. 

Two  hundred  and  twenty-five  horse-power  electric  hoist.     1  page. 
Dings  Electro  Magnetic  Separator  Co.,  Milwaukee,  Wis.     Bulletin  No.  21, 

on  magnetic  ore-separators.-    20  pages. 
General  Electric  Co.,  Schenectady,  N.  Y. 

Electrical  measuring  instruments.    7  pages. 

Price-list  applying  to  1909  Supply  Catalogue  of  supplies  carried  by  the 
General  Electric  Co.     607  pages. 

Swppiemeni  BuUetin  No.  1,  on  arc  lighting,  arc-light  hangers,  and  cut-outs. 
5  pages. 

Train-lighting  with  G.  E.  tungsten  and  tantalum  lamps.     5  pages. 
Green  Fuel  Economizer  Co.,  Matteawan,  N.  Y. 

The  Book  cf  the  Eeonomizer,  being  a  treatise  on  the  history,  theory,  practice, 
and  manufacture  of  economizers.     158  pages. 
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Bulletin  No.  105  on  drying  brick  and  tile.     16  pages. 

Bulletin  No.  108  on  mechanical  draft  apparatus.     16  pages. 

Bulletin  No.  109  on  heating  and  ventilating  buildings.     16  pages. 

Bulletin  No.  112  on  economical  heating  of  water  and  air  in  breweries  and 

malt-houses.     16  pages. 
Bulletin  No.  113  on  Green  fuel  economizers  at  the  Manhattan  Power  Station 

of  the  Interborough  Kapid  Transit  Co.,  New  York  City.    8  pages. 
Bulletin  No.  114  on  Green's  yertical  automatic  engines  for  driving  fans, 

blowersy  and  exhausters.     4  pages. 
Bulletin  No.  115  on  Green's  vertical  throttling  engines  for  driving  fans, 

blowers,  and  exhausters.     4  pages. 
Bulletin  No.  121  on  automatic  draft  control  for  steam  boiler  furnaces.     8 

pages. 
Bulletin  No.  122  on  uses  and  advantages  of  the  Green  fuel  economizer.     16 

pages. 
Bulletin  No.  123  on  the  Green  patent  waste-heat  air-heater.     15  pages. 
Bulletin  No.  124  on  horizontal  steam  engines  for  driving  fans,  blowers,  and 

exhausters.     7  pages. 
Bulletin  No.  126  on  drying  in  industrial  plants.     32  pages. 
A  catalogue  of  fans,  blowers,  and  exhausters  for  all  purposes,  including  plain- 

ing-mill  exhausters.     96  pages. 
Jeffrey  Manufacturing  Co.,  Columbus,  O. 

Elevating,  conveying,  and  power-transmitting  machinery  and  chains.     368 

pages. 
Bulletin  No.  18  on  Jeffrey  electric-  and  air-power  coal-cutters.    32  pages. 
J.  Geo.  Leyner  Enotneertng  Works,  Littleton,  Colo.     Leyner  Bulletin  No. 

1010,  devoted  to  the  interests  of  the  Leyner  drill  department     8  pages. 
National  X-Ray  Reflector  Co.,  Chicago,  111.     Reprint  from  the  Fine  Arts 
Joumaly  article :   A  New  Light  for  Art  Galleries,  Libraries,  and  Museums ; 
and  article:  Development  of  Indirect  Illumination.     7  pages. 
Ore  Concentration  Co.,   London,  Eng.     List  of  pamphlets  on  the  Elmore 

Vacuum  Process,  published  by  the  Ore  Concentration  Co.     3  pages. 
Penton  Publishing  Co.,  Cleveland,  O.     November,  1909,  list  of  machinery, 
positions,  situations,  and  information  useful  to  engineering  interests.     11 
pages. 

United  Engineering  Society  Library. 

Index  to  Economic  Material  in  Documents  of  the  States  of  the  United 
States.  Maine,  1820-1904  ;  Massachusetts,  New  Hampshire,  New  York, 
Rhode  Island,  Vermont,  1789-1904.     By  A.  R.  Hasse,  Washington,  1907- 

1908.  (Purchase). 

Manufacturers*  Record's  Annual   Blue-Book  of  Southern  Progress, 

1909.  Baltimore,  1909.     (Gift  of  Manufacturers*  Record). 
Illxjstrations  of  Concrete  Steel  Arch  Bridges.     (Gift  of  Concrete  Steel 

Engineering  Company. ) 

*  Trade  Catalogues. 

American  Machine  Co.,  Louisville  Ky. 

Full  magnet  control  electric  elevators  for  passenger  and  freight  service.     14 

pages. 
Description  of  American   Ammonia  Regulator  for  refrigerating  machines. 
2  pages. 
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Description  of  American  Dekjdrator  for  ice  and  refrigeration  machines 

2  pages. 
The  absorption  system  of  ice  making  compared  to  the  compression  system. 

2page8. 
Oatalogue  of  ice  and  refrigerating  machinery,  absorption  system.     37  pages. 
ViLTER  Manufactubino  Co.,  Milwaukee,  Wis. 

April,  1909,  partial  list  of  users  of  improved  ice-making  and  refrigerating 

machineiy.     62  pages. 
July,  1909,  catalogue  A  of  refrige^uting  and  ice.  making  machinery.     61 

pages. 
Catalogue  F  of  ammonia  fittings  for  refrigerating  and  ice-making  plants. 

112  pages. 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises   the  names  of  those  persons 

elected  as  members  who  accepted  election  during  the  month 

of  December,  1909 : 

Members. 

Donald  J.  Browne, Rossland,  6.  C. ,  Can. 

John  Marshall  Cairns, Glasgow,  Scotland. 

Samuel  W.  Cohen, Cobalt,  Ontario,  Can. 

Baoul  Geer  Dofourcq, Arizpe,  Sonora,  Mex. 

James  Harold  Hance, Salt  Lake  City,  Utah. 

Frederick  Charles  Holmes, Santiago  de  Cuba,  Cuba. 

Clarence  T.  Hopkins, Jerome,  Ariz. 

Archabald  Stewart  Hummell, High  Bridge,  N.  J. 

Percy  Kenyon, Conoepcion  del  Oro,  Zacatecas,  Mex. 

"Wanen  Lawson  Kluttz, Thomas,  Ala. 

a  Arthur  Krom, Plainfield,  N.  J. 

Henry  M.  Lancaster, Wallace,  Idaho. 

Charles  N.  Lindley, New  York,  N.  Y. 

Bobert  Livingstone, Edmonton,  Alberta,  Can. 

Eugene  McAuliffe, Chicago,  111. 

James  F.  McCarthy, Wallace,  Idaho. 

Atholl  Francis  McEwen, Cobalt,  Ontario,  Can. 

Henry  A.  Morin, Gowganda,  Ontario,  Can. 

Duncan  M.  Munro, Hostotipaquillo,  Jalisco,  Mex. 

James  Negus, Boppy  Mountain,  N.  S.W.,  Australia. 

John  O.  Norbom, Berkeley,  CaL 

Horace  F.  Parsons, Garfield,  Utah. 

John  G.  Perry, Denver,  Colo. 

Guy  Hall  Buggies, Santa  Rita,  N.  M. 

Chard  Oliver  Sanford, Goldroad,  Ariz. 

Charles  H.  Schlacks, San  Francisco,  Cal. 

Gustave  Schrader, Sutter  Creek,  Cal. 

Tsok  Kai  Tse, Wickenburg,  Ariz. 

Rush  J.  White, Wallace,  Idaho. 

Associate. 

James  F.  Callbreath,  Jr., Denver,  Colo. 

Candidates  for  Membership. 

The  followiDg  persons  have  been  proposed  for  election  as 
members  of  the  Institute  during  the  month  of  December, 
1909.    Their  names  are  published  for  the  information  of  mem- 
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bers  and  aBsociates,  from  whom  the  Committee  on  Membership 
earnestly  invites  confidential  communications,  favorable  or  lin- 
favorable,  concerning  these  candidates.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the 
residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  communications,  before  any  action  upon  these  names 
by  the  Committee.  After  the  lapse  of  this  period,  the  Com- 
mittee will  recommend  action  by  the  Council,  which  has  the 
power  of  final  election. 

Members. 

Bichard  £.  Armstrong, Salt  Lake  City,  Utah. 

Alfred  William  Bleeck, Kangoon,  Burma,  India. 

Oilmour  Ewing  Brown, Ballock,  Dumbartonshire,  Scotland. 

Marco  Ghiapponi, New  York,  N.  Y. 

James  B.  Cook, Horatio,  Pa. 

Carl  F.  Dietz,    •    •   • Boston,  Mass. 

Archibald  David  Gilchrist, Ballarat,  Victoria,  Australia. 

Thomas  S.  Harrison, Cheyenne,  Wyo. 

Henry  Edson  Judd, New  York,  N.  Y. 

Dyke  Vinton  Keedy, Boston,  Mass. 

Frank  Caspar  Laurie, Coatzacoalcos,  Mexico. 

Charles  Frank  Parry, Germiston,  Transvaal,  S.  Africa. 

Harrison  Prindle, Buffalo,  N.  Y; 

Edward  W.  Ralph, Kimberly,  Nev. 

Arthur  M.  Swartley, Sunbeam,  Idaho. 

Wliitman  Symmes, Virginia  City,  Nev. 

John  Tyssowski, New  York,  N.  Y. 

Addresses  of  Members  and  Associates  Wanted. 

Name.  Last  Address  on  Records,  from  which  Mail  has  been  Returned. 

Alexander,  George  E., Sparta,  Ore. 

Andersen,  Carl, Johnnie,  Nev. 

Badger,  Harry  S., Goldboro,  N.  S.,  Can. 

Bartoccini,  Astolfo, 214  E.  90th  St.,  New  York,  N.  Y. 

Bassett,  Thomas  B., Cumpas,  Sonora,  Mexico. 

Batchelder,  Joseph  F., 54  1st  St.,  Portland,  Ore. 

Bellam,  Heniy  L., Reno,  Nev. 

Bouchelle,  James  F.,    ......  22  Duncan  Ave.,  Jersey  City,  N.  J. 

Brown,  Frank  H., Coppermount,  Alaska. 

Campa,  Jose, Mexico  City,  Mexico. 

Cragoe,  A.  Spencer, Vencedora,  Mexico. 

Derby,  Harry  S., 134  Monroe  St.,  Chicago,  111. 

Dickson,  George  H., Lethbridge,  Alberta,  Canada. 

Donnewald,  Albert  H., 3709  Finney  Ave.,  St.  Louis,  Mo. 

Dougherty,  Clarence  E., 41  Wall  St,  New  York,  N.  Y. 

Downs,  M.  E 25  Broad  St.,  New  York,  N.  Y. 

Ekberg,  Benjamin  P., Johannesburg,  Transvaal,  So.  Africa. 

Field,  Wilfrid  B., Mexico  City,  Mexico. 
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Gage,  Edward  C, San  Dimas,  Dur.,  Mexico. 

Gaines,  Ambrose  P., Dayton  Ckial  &  Iron  Co.,  Dayton,  Tenn. 

Gee,  Emerson, Reno,  Nev. 

Hawkins,  Tancred, Ballydehob,  Ireland. 

Herr,  Irving, 47  Prentiss  St.,  Cambridge,  Mass. 

Hodge,  Benjamin, St.  Francis  Hotel,  Denver,  Colo. 

Hunt,  Thatcher  R., Iron  Mt,  via  Keswick,  Cal. 

Jewett,  Eliot  C, 2918  Morgan  St,  St.  Louis,  Mo. 

Kow,  Tong  Sing, Shanghai,  China. 

McGregor,  J.  Murray, Tokyo,  Japan. 

Mentsel,  Charles, Copperhill,  Tenn. 

Mildon,  Reginald  B., Nacosari,  Son.,  Mexico. 

Mills,  Ronald  V.  A., 20  Union  Sq.,  New  York,  N.  Y. 

Moolton,  Herbert  G., Cobalt,  Ont,  Can. 

Muir,  Thomas  K., Portland,  Ore. 

Parrish,  Samuel  R, Georgetown,  Idaho. 

Perkins,  Walter  G., McGill,  Nev. 

Piper,  John  W.  H., Buenos  Ayres,  Argentine  Rep.,  S.  A. 

Potter,  J.  A., 41  W.  124th  St.,  New  York,  N.  Y. 

Sandifer,  Harmer  C, El  Oro,  Mexico. 

Schlemm,  William  H. , Durango,  Mexico. 

Scott,  Winfield  G, Long  Beach,  Cal. 

Skelding,  Joseph  F., Embreevllle,  Tenn. 

Thomas,  Richard  A., 43  Wall  St,  New  York,  N.  Y. 

Vidler,  Louis  W., Lookout  Mountain,  Colo. 

Warren,  Henry  L.  J., Salt  Lake  City,  Utah. 

Wetmore,  E.  A Mary^ville,  Mont. 

Wilson,  Odell, Shingle,  Cal. 

Wolfe,  Burton  L., Ely,  Nev. 

Young,  William, Kenora,  Ont,  Canada. 

Necrology. 

The  deaths  of  the  following  members  have  been  reported  to 
the  Secretary's  office  during  the  month  of  December,  1909 : 

Date  of 
Election.  Name.  Date  of  Decease. 

1905.       *William  Adams, December  8,  1909. 

1878.  *»Dr.  Charles  B.  Dudley, December  21,  1909. 

1888.      *Richard  Eamee,  Jr., ...  December  15,  1909. 

1880.       *George  G.  Francis, 1907. 

1888.       *Alphon8e  Hennin, August  18,  1908. 

1875.      *William  Metcalf, December  5,  1909. 

1875.  ttlsrael  W.  Morris, December  18,  1909. 

1896.      *John  W.  Nesmith, December  17,  1909. 

1873.      *William  H.  Singer, September  4,  1909. 


*  Member.         **  Life  member.         ft  Life  associate. 
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Biographical  Notices. 

William  Ada,ms  was  born  Feb.  28,  1849,  at  Burtington,  Wis. 
He  became  a  member  of  the  Institute  in  1906,  at  which  time 
he  had  had  about  SO  years'  practical  experience  in  mining. 
From  1874  to  1878,  he  was  miner,  millman  and  assayer  at  the 
Indian  Queen,  near  Candelaria,  Nev.,  and  in  1878  he  became 
manager.  Subsequently,  he  was  for  two  years  a  consulting 
engineer  at  Prescott,  Ariz.  Still  later,  going  to  Broken  Hill, 
N.  8.  Wales,  he  became  in  1887  and  remained  for  two  years 
general  manager  of  the  Broken  Hill  Junction  Silver  Mining 
Co.  Then  he  spent  four  years  in  explorations  and  examina- 
tions for  English  capitalists  in  Western  Australia,  followed  by 
three  years  of  similar  work  in  China  and  Corea.  About  1899 
he  went  to  Chihuahua,  Mex.,  where  he  became  manager  of  the 
Santa  Eulalia  Mines  Investment  Co.  He  died  in  the  city  of 
Chihuahua,  Dec.  8,  1909. 

Robert  Stewart  Brooks  was  born  at  Paterson,  N.  J.,  and,  at 
the  outbreak  of  the  Spanish  War,  was  a  student  of  civil  engi- 
neering at  Princeton  University.  He  left  college  to  enlist  as  a 
private  in  the  U.  S.  Volunteers,  and  won  in  Cuba  the  rank  of 
First  Lieutenant  of  Volunteer  Engineers.  In  this  capacity  he 
took  an  active  part  in  the  sanitary  improvement  of  Havana. 
Princeton  gave  him  his  degree  with  his  class  in  1896,  and,  re- 
signing from  the  army,  he  served  first  as  assistant  engineer  on 
hydraulic  work  of  the  Jersey  City  Water  Supply  Co.,  and  after- 
wards as  contractors'  engineer  in  charge  of  the  construction  of 
a  masonry  dam  across  the  Genesee  river  at  Mt.  Morris,  N.  Y. 
About  1901  he  went  to  Arizona,  and,  desiring  to  gain  a  thor- 
ough acquaintance  with  all  kinds  of  mining  work,  entered  the 
employ  of  the  Copper  Queen  Consol.  Mining  Co.,  where  he 
worked  in  the  successive  positions  of  mucker,  carman,  and 
miner,  and  was  placed  at  last  in  charge  of  sampling-  and  as- 
saying-work at  the  Old  Dominion  mine  of  the  company  at 
Globe,  Ariz.  During  this  period  he  made  many  field-examina- 
tions for  the  Guggenheim  Exploration  Co.,  Dr.  L.  D.  Ricketts 
and  Col.  W.  C.  Greene,  and  in  February,  1906,  when  he  be- 
came a  member  of  the  Institute,  he  was  Superintendent  of  the 
Ocampo  mines  of  the  Greene  Gold-Silver  Co.,  Ltd.,  in  Chihua- 
hua, Mex.    In  1907,  he  went  to  Cananea,  Sonora,  as  an  em- 
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ployee  of  the  Qreene-Cauanea  Copper  Co.  On  July  6,  1909, 
during  an  exploring-trip  with  a  pack-train  in  the  Yaqui  coun- 
try, Mr.  Brooks  was  swept  from  his  horse  while  fording  the 
Yaqui  river ;  and  his  body  was  found  two  months  later  ninety 
miles  below  the  ford.  His  funeral  was  held  Nov.  26,  1909,  in 
his  birthplace,  Paterson,  N.  J.,  in  the  home  of  the  "  Elks  " — of 
a  branch  of  which  society  in  El  Paso,  Texas,  he  was  a  member. 

Richard  Eanies^  Jr,y  was  born  June  3,  1859,  at  Brooklyn,  N. 
Y.  At  the  age  of  sixteen,  he  became  an  assistant  of  his  father, 
Dr.  R.  M.  Eames,  then  State  Geologist  of  Minnesota.  From 
1877  to  1882,  he  was  engaged  in  exploring  and  mining  in  North 
Carolina,  incidentally  making  examinations  of  mines  in  Nevada, 
California,  etc.  In  1879,  he  established  his  headquarters  at 
Salisbury,  N.  C,  which  continued  to  be  his  home,  with  intervals 
of  professional  work  elsewhere,  until  his  death.  Thus  for  a 
while,  in  1883,  he  was  manager  of  a  gold-mine  in  Honduras, 
and  subsequently  examining  gold-deposits  in  New  Hampshire, 
etc.  In  1886-8,  he  was  connected  with  graphite-mines  in  Rhode 
Island,  the  examination  of  gold-  and  silver-mines  in  the  San 
Juan  district  of  Colorado,  and  the  management  of  the  Copper 
Knob  mine  and  mill.  In  1887  he  became  consulting  metallur- 
gist for  the  Indian  Gold  Mines,  Madras,  India,  and  in  succeed- 
ing years  manager  of  several  North  Carolina  mines,  and  con- 
suiting  or  directing  engineer  of  mines  and  smelters  in  Arizona. 
He  also  visited  Mexico  in  a  professional  capacity.  But  North 
Carolina  was  his  chosen  field;  and  few  equaled  him  in  his 
knowledge  of  the  economic  geology  and  the  mining  industry 
of  that  region.  He  was  at  one  time  active  as  a  collector  of  ores 
and  minerals  for  the  N.  C.  Geological  Survey;  and  he  estab- 
lished in  Salisbury  the  Salisbury  Supply  &  Commission  Co., 
dealing  in  mining  and  other  machinery.  In  this  thriving  en- 
terprise he  was  chiefly  engaged  at  the  time  of  his  death,  which 
occurred  Dec.  15,  1909,  in  a  wreck  on  the  Southern  Railway, 
near  Greensboro,  N.  C.  Mr.  Eames  was  widely  known  and 
highly  esteemed,  and  the  tidings  of  his  sudden  death  were  re- 
ceived with  universal  regret.  He  became  a  member  of  the  In- 
stitute in  1888. 
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The  Girod  Electric  Furnace,  and  the  French  Works  Using 

the  Paul  Girod  Steel-Process.* 

BY  DR.    WILHELM  BORCHERS.f 

(Pittsburg  Meeting,  February,  1909.) 

In  all  special  branches  of  the  chemical  and  metallurgical  in- 
dustries, in  which  large  electric  furnaces  became  necessary  for 
carrying  out  new  processes  or  for  the  improvement  of  old  ones, 
the  development  of  the  electric  furnaces  took  place  on  much  the 
same  lines.  The  endeavors  to  make  a  success  of  a  new  idea 
brought  forth  many  ingenious  designs,  which,  however,  almost 
without  exception,  furnished  the  proof  that  the  safest  and 
shortest  way  to  practical  success  is  the  utmost  simplicity  of 
construction  of  the  necessary  apparatus. 

Our  knowledge  of  the  qualities  of  materials  for  building 
electric  furnaces  and  of  the  constituents  of  the  furnace-charges, 
especially  their  electric  conductivity  and  their  chemical  affinity 
towards  one  another  at  high  temperatures,  is  still  far  from  being 
complete,  and  from  this  fact  we  must  conclude  that  the  smaller 
the  number  of  elements  in  the  construction  of  a  furnace,  the 
fewer  the  number  of  unreliable  factors  both  in  the  construction 
and  in  the  operation  of  the  electric  furnace. 

This  conclusion  deserves  special  attention  when  an  electric 
fiirnace  for  making  steel  has  to  be  chosen  from  the  constantly 
growing  number  of  inventions,  inasmuch  as  the  chief  con- 
stituent of  steel,  the  element  iron,  is  a  substance  which  in  its 
liquid  phase  has  so  great  an  affinity  for  those  elements  which 
are  to  be  removed  from  the  charge,  that  it  is  very  difficult  to 
comply  with  the  following  conditions :  1,  to  heat  the  refining- 
slag  to  the  highest  point  of  its  chemical  activity  ;  2,  to  prevent 
the  iron  from  entering  the  slag,  or,  where  this  cannot  be  done, 
to  make  it  enter  so  that  it  finally  appears  in  the  end-product 

*  Pablished  also  in  JSngineering  and  Mining  Journal^  vol.  IxxxyiiL,  No.  23,  p. 
1113  (Dec  4,  1909),  and  Ir<m  Tradt  Beview,  vol.  xlv.,  No.  24,  p.  1003  (Dec.  9. 
1909). 

t  Professor  of  Metallurgy,  Royal  Ck>llege  of  Technology,  Aachen,  Germany. 
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without  material  loss ;  8,  to  select  and  arrange  the  materials 
from  which  the  furnace  is  to  be  built,  so  that  wherever  contact 
with  the  furnace-charge  cannot  be  avoided,  these  materials  will 
not  react  upon  the  constituents  of  the  charge  in  an  injurious 
way. 

About  six  years  ago,  in  my  review  of  the  electrode  furnaces 
up  to  that  time,*  I  could  say  that  a  furnace  simpler  than  the 
H6roult  furnace  could  not  be  found,  but  to-day  I  have  to  cor- 
rect this  statement.  At  the  present  time  the  Girod  furnace 
must  be  recognized  as  the  simplest  and  safest,  both  in  construc- 
tion and  operation,  of  all  electrode  furnaces. 

As  far  as  I  am  from  changing  my  good  opinion  of  Dr. 
Heroult's  achievements  in  electro-metallurgy,  I  consider  it  my 
duty  as  professor  of  electro-metallurgy,  and  as  an  author  of 
electro-metallurgical  books  and  other  scientific  publications,  to 
correct  publicly  opinions  of  former  stages  of  scientific  progress, 
which  have  been  superseded  by  a  better  knowledge. 

After  having  perceived  the  advantages  of  the  Girod  electric 
heating-system  for  my  laboratory  research-work,  I  was  glad  to 
accept  several  invitations  of  Director  Paul  Girod  to  visit,  a  few 
years  ago,  his  old  works  owned  by  the  Societe  Anonyme  Elec- 
trom6tallurgique  Procedes  Paul  Girod,  and,  to-day,  the  new 
steel-works  owned  by  the  Compagnie  des  Forges  et  Acieries 
Electriques  Paul  Girod,  both  at  Ugine,  Savoie,  Prance,  espe- 
cially since  I  received  permission  to  make  free  use  of  my 
studies  at  Ugine  for  my  lectures  and  publications. 

The  Girod  furnace  is  the  simplest  of  modern  electric  steel- 
furnaces.  It  is  useful  both  as  an  experimental  furnace  and  as 
a  smelting- works  furnace  on  a  large  scale.  I  am  using  it  in 
my  laboratory  with  currents  of  from  30  to  36  kw.,  and  for  steel- 
smelting  it  is  being  used  with  currents  of  300  and  1,200  kw. 
It  is  a  combination  of  resistance  and  arc  heating-furnace.  The 
metal  to  be  smelted,  which  acts  as  one  of  the  electrodes,  is  cov- 
ered by  the  refining-slag  as  an  electrolytic  conductor,  and  a 
carbon  block  (or  several  carbon  blocks),  entering  from  above 
through  the  cover  of  the  furnace,  forms  the  opposite  electrode 
above  the  center  portion  of  the  bath.  The  arcs  play  between 
the  carbon  blooksand  the  slag,  and  no  doubt  the  largest  amount 
of  heat  is  here  prdduced.  A  second  heat-producing  place  is  the 

>  Borobers,  Eleoirt^MmUwrgief  vol.  iii.,  p.  536  (1903). 
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layer  of  slag,  tbrongh  which  the  current  passes  to  and  from  the 
metal.  Laet  but  not  least,  the  metal  itself  becomes  an  impor- 
tant beat-producer  on  account  of  the  effective  manner  in  which 
the  electric  current  is  made  to  paea  through  the  molten  metallic 
body,  and  this  is  the  most  important  feature  of  the  Girod 
process. 

The  distribution  of  the  electric  current  through  the  molten 
metal  is  clearly  shown  in  Figs.  1  and  2,  in  which   A  is  the 


Fig.  1.— Section  of  Uirod  Furnace,  Showing  thk  Dibtributlon  of  the 
Elsttric  Current. 

carbon  electrode  ;  S,  the  slag ;  M,  the  molten  metal ;  and  C, 
contact-pieces  to  connect  the  metal  with  the  current-conductor. 
The  contact-pieces  are  of  such  crose-aection  and  length  that 
each  one  will  take  up  only  a  certain  part  of  the  whole  current 
without  being  excessively  heated,  and  therefore  without  exceed- 


ingly increasing  its  resistance.  An  additional  regulation  of  the 
temperature  and  resistance  of  each  contact^piece  is  effected  by 
cooling-water  circulating  through  small  chambers  in  the  end. 
The  contact- piece 8  are  made  of  pure  iron  in  order  to  avoid  any 
deterioration  of  the  furnace-charge.  They  act  as  the  connecting- 
rods  between  the  furnace-charge  and  the  current-generators, 
and  also  regulate  the  distribution  of  the  current,  so  that  the 
electric  charges  pass  uniformly  from  and  to  the  centrally- 
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Fio.  3.— Section  of  aS-Tou  Girod  Electric  Fcrwacb. 


Fio.  4. — Pi-iM  OF  2.5-ToN  Girod  Electric  Furnace. 
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hanging  carbon  rod  or  rods  in  radial  direction  to  and  from  the 
periphery  of  the  bath.  This  condition  is  important,  not  only 
for  uniformly  heating  the  bath,  but  also  for  keeping  every  part 
of  the  liquid  metal  in  constant  motion.  Running  a  furnace 
with  as  high  a  current-density  as  is  found  necessary  to  smelt 
iron  and  steel,  one  can  easily  observe  that  the  passage  and  the 
transformation  of  the  electric  current  into  heat  are  accompanied 
by  a  violent  mechanical  motion  of  all  particles  of  the  liquid. 
This  movement,  however,  accelerates  the  contact  between  the 


Fig.  5. — Sectional  Elevation  of  2.5-Ton  Gibod  Electric  Furnace. 


impurities  of  the  iron  and  the  refining-slag  which  floats  on  top 
of  the  bath.  The  Girod  system  of  arranging  the  electrodes  and 
contacts  is  a  safeguard  against  any  stagnation  of  parts  of  the 
liquid  furnace-charge,  and  for  this  reason  the  advantages  of 
both  the  induction  or  transformer  furnaces  and  the  electrode 
furnaces  are  combined  in  the  Girod  furnace,  while  the  imper- 
fections of  either  type  have  been  overcome. 

The  arrangement  of  electrodes  and  contacts  in  the  Girod 
furnace  gives  it  a  special  advantage  over  other  electrode  fur- 
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1'2-ToN  QiBOD  Electbic  Furnace. 


Fio.  7.— Plan  of  12-Tok  Gikod  Electric  Pcbnacb. 
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naoeB  during  the  melting  of  cold  scrap.  As  sooti  ae  the 
charge  is  on  the  hearth  of  the  furnace,  the  upper  electrode  Ls 
lowered  until  it  rests  upon  the  heap  of  scrap ;  the  current  finds 
no  other  way  than  from  the  center  of  the  heap,  by  means  of 
numerous  amall  arcs  through  the  whole  mass  of  scrap,  to  the 
periphery  of  the  heap  on  the  hearth-bottom.  The  heap  is 
breaking  down  simultaneously  in  all  parts  in  a  very  short  time. 
There  is  no  sticking  of  cold  pieces  to  the  bottom  of  the  fur- 
nace, and  therefore  no  necessity  to  stir  up  and  loosen  such 
lamps  from  the  hearth,  which  would  endanger  the  latter. 


Fio.  8, — 81CTIONA1.  Elevatios  of  12-Ton  Girod  Electric  Fitrkacb. 


The  sketches  of  the  Girod  furnace,  Figs,  3  to  8,  illustrate  the 
construction.  Figs.  3,  4,  and  5  are  plans  and  sections  of  a  2.5- 
ton  furnace ;  Figs.  6,  7,  and  8,  of  a  12-ton  furnace.  The  most 
important  dimensions  are  given  in  the  metric  system. 

During  a  smelting-operation,  if  pieces  of  the  ends  of  the 
contact  bodies  melt  and  dissolve  in  the  eteel,  no  harm  will  be 
done  to  the  latter,  since  the  contacts  consist  of  pure  iron,  and 
as  the  quantity  of  iron,  which  in  such  a  case  combines  with  the 
liquid  charge  of  the  furnace,  is  proportionally  so  small  that  the 
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qualities  of  the  charge  will  not  be  influenced  thereby  to  anj 
perceptible  degree. 

The  applicability  of  the  Qirod  furnaces  is  not  restricted  by 
the  nature  of  the  raw  materials,  which  may  be  either  cold 
scrap  or  molten  metal.  In  feeding  cold  scrap  the  whole 
charge  is  not  added  at  once.  After  the  larger  part  of  the 
charge  has  been  shoveled  or  otherwise  thrown  upon  the  hearth, 
the  current  is  sent  through  the  heap  in  the  manner  already 
described.  The  rest  of  the  charge  is  put  into  the  furnace, 
together  with  the  first  batch  of  the  refining  ingredients.  Taking 
the  run  of  a  2-ton  furnace  as  an  example,  the  charge  consists 
of  from  2,000  to  2,500  kg.  of'iron  scrap,  and  the  first  batch 
of  refining-slag  usually  consists  of  about  80  kg.  of  lime,  CaO, 
and  from  220  to  250  kg.  of  iron  oxide  ore.  Together  with 
the  iron  oxide  that  covers  the  scrap,  the  iron-ore  serves  as 
an  oxidizing-agent.  The  smelting  of  the  iron  charge  and  the 
first  batch  of  refining-slag  requires  from  4.5  to  5  hr.  This  slag 
becoming  exhausted  of  iron  oxide,  and  therefore  of  its  oxidiz- 
ing-power,  samples  are  taken  and  tested  to  ascertain  the  degree 
of  refining  of  the  molten  metal.  According  to  the  degree  of  puri- 
fication, the  furnace,  after  the  first  slag  has  been  skimmed  off, 
receives  a  second,  and  if  necessary  a  third,  batch  of  lime-iron 
oxides.  After  the  removal  of  the  last  slag  the  surface  of 
the  metal  bath  is  thoroughly  cleansed  by  adding  about  30  or 
40  kg.  of  lime,  which  is  later  skimmed  offl  The  further  treat- 
ment of  the  iron  bath  depends  upon  the  absence  or  presence  of 
impurities  which  could  not  be  removed  by  the  lime-iron  oxide 
refining  and  upon  the  quality  of  steel  to  be  produced.  Accord- 
ing to  these  circumstances,  new  deoxidizing  or  otherwise-refin- 
ing agents  are  employed  ;  for  instance,  ferro-mangano-silicon, 
ferro-aluminum-silicon,  ferro-mangano-aluminum-silicon,  or 
other  alloys.  For  producing  carbon-steels,  an  addition  is  made 
of  Swedish  charcoal-iron,  or  an  iron  very  rich  in  carbon,  pro- 
duced in  an  electric  furnace  at  the  steel-works. 

After  the  refining-operation,  the  final  step  in  the  production 
of  special  steels  is  the  addition  of  iron-alloys  containing  nickel, 
tungsten,  chromium,  or  other  special  metals. 

It  is  not  the  purpose  of  this  paper  to  give  a  report  on  re- 
searches  on  the  reactions  during  the  refining-process ;  I  shall 
have  to  leave  this  to  the  special  sidero-metallurgists.   I  wish  to 
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10.  SO-ton  crane. 

11.  Molding-machines. 

12.  4-ton  crane. 
18.  Contact-tower. 
14.  Molding-room. 
16.  Cooling-room. 

16.  Chimney. 

17.  Shop  for  cleaning  castings. 

18.  Latne- work  shop. 


19.  Yard. 

20.  Machine-shop. 

21.  Dressing-room. 

22.  Power-house. 

23.  Accumulator. 

24.  Dry ing-fli mace  room. 

25.  Compressor. 

26.  Forge. 

27.  Hammers. 

28.  Rammers. 

29.  Forge. 

90.  Heating-ftimaces. 

31.  Anneallng-ftimaces. 

32.  Roll  store-room. 
38.  Chimney. 

34.  Cooling-tables. 

35.  Finisbrng-mill. 
86.  Rolling-mills. 


37.  Vertical  shear. 

38.  800-h.p  motor. 

39.  Testing-room. 

40.  3-ton  crane. 

41.  Shipping- room. 

42.  Pattern-shop. 

43.  Tempering-room. 

44.  Chimney. 

45.  Forge. 

46.  60-ton  crane. 

47.  10-ton  hammer. 

48.  Forging-press. 

49.  lAborers'  village. 

50.  Offices. 

51.  Dwelling-house. 

52.  Annealing-Himaces. 

53.  600-h.p.  air-compressor. 


Fig.  13. — Stbei/-Works  op  the  Cib.  Des  Forges  et  AciisiBB  Paul 

GiROD  AT  Ugine. 
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deal  to-day  with  only  the  practical  working  of  this  useful  elec- 
tro-metallurgical apparatus. 

The  total  duration  of  one  smelting-operation,  from  the  start- 
ing of  the  current  to  the  casting  of  the  products  into  ingots  or 
molds,  with  raw  material  that  is  not  pure,  covers  about  8  hr. 
With  pure  raw  material  less  time  and  power  will  be  required. 

The  smaller  of  the  two  types  of  furnaces  used  in  steel-works 
is  run  with  alternating  currents  of  about  300  kw.  at  from  60 
to  65  volts.  The  larger  requires  from  1,000  to  1,200  kw.  at 
from  70  to  75  volts.  Taking  into  account  a  loss  of  10  or  11  per 
cent,  of  the  charge  by  oxidation  and  evaporation,  the  power 
required  to  make  1  ton  of  steel  in  a  small  furnace  is  from  900 
to  1,000  kw-hr.,  and  from  800  to  900  kw-hr.  in  a  large  one. 

The  consumption  of  carbon  electrodes  amounts  to  from  12 
to  15  kg.  per  ton  of  steel,  including  the  short  pieces  which 
remain  in  the  holders  when  the  latter  have  reached  the  lowest 
point  at  which  they  can  withstand  the  radiating  heat  of  the 
bath. 

The  lining  of  the  furnace,  consisting  mostly  of  calcined 
dolomite,  will  withstand  at  least  80  charges ;  but  cavities  eaten 
into  the  side-walls  by  the  slag  around  the  level  of  the  molten 
bath  are  repaired  with  calcined  dolomite  at  shorter  intervals 
of  time.  The  bottom  of  the  furnace  will  stand  from  120  to 
160  charges  without  repair.  The  corrosion  of  the  bottom 
during  this  time  is  about  100  mm. 

Furnace-linings  will  stand  a  much  longer  time  if  liquid 
charges  are  used.  One  of  these  furnaces  has  run  200  charges 
without  any  repair. 

The  linings  of  the  furnace-covers  require  more  frequent  re- 
newing :  in  the  small  furnaces,  after  running  25  or  30  charges, 
and  in  the  larger  furnaces,  after  20  or  25  charges. 

The  other  parts  of  the  furnace  outfit  are  not  worn  out  as 
fast  as  the  linings  and  electrodes ;  the  furnaces  which  so  far 
have  been  put  into  operation  still  have  their  original  outfits. 

At  the  works  at  XJgine,  scrap-iron  is  the  only  raw  material 
used  for  steel-making  as  well  as  for  the  manufacture  of  iron- 
alloys.  The  larger  part  of  the  scrap  is  soft  iron  and  steel,  the 
smaller  part  pig-  and  cast-iron.  The  average  percentage  of 
impurities  in  the  raw  material  used  during  a  long  period  of 
operations  was : 
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Per  Cent. 

C 0.400  to  0.500 

Si, 0.150  to  0.250 

Mn, 0.500  to  0.700 

S, 0.060  to  0.090 

P, 0.080  to  0.100 

The  degree  of  refining  which  can  be  reached  in  the  Girod 
furnace  is  shown  in  Table  I. 


Table  I. — Analyses  of  Various  Steel-  Works  Products. 


Kg.  Properties. 

1.  Very  soft 

2.  Soft 

3.  Middle  soft 

4.  Middle  b&rd 

5.  Middle  hazd 

6.  Hard 

7.  2  per  cent,  of  nickel 

8.  3  per  cent  of  nickel,  soft... 

9.  3  per  eent  of  nickel,  hard.. 

10.  5  per  cent  of  nickel,  soft... 

11.  5  per  cent  of  nickel,  middle 

soft 

12.  Nickel-chrome 


13.  Tool-steel. 

14.  Tool-steel. 
16.  Tool-steel. 
16.  Tool-steel. 


c. 

Per 
Cent. 

0.079 

0.236 

0.283 

0.888 

0.463 

0.596 

0.076 

0.060 

0.364 

0.134 

0.250 
0.420 

1.223 
1.474 
1.010 
1.277 


Si. 

Per 
Cent. 

0.106^ 

0.180 

0.208 

0.155 

0.204 

0.198 

0.099 

0.123 

0.144 

0.148 

0.157 
0.199 

0.168 
0.119 
0.219 
0.230 


Mn. 

Per 
Cent 

0.205 

0.431 

0.430 

0.342 

0.463 

0.302 

0.101 

0.209 

0.435 

0.375 

0.414 
0.500 

0.224 
0.264 
0.306 
0.130 


8. 

Per 
Cent. 

0.015 
0.012 
0.014 
0.011 
0.010 
0.017 
0.014 
0.013 
0.012 
0.016 

0.010 
0.010 

0.011 
0.015 
0.008 
0.009 


17.     Tool-steel 1.251    0.176    0.258    0.010 


P. 

Per 
Cent 

0.012 
0.010 
0.010 
0.009 
0.016 
0.005 
0.010 
0.007 
0.015 
0.013 

0.015 
0.009 1 

0.010 
0.007 
0.009 
0.006 

0.008 1 


18.     Tool-steel 0.689    0.029    0.096    0.012    0.009 


{ 


Other 

Con- 

•tituents. 

Per 
Cent. 


2.12  Ni 
3.47  Ni 
3.41  Ni 
5.25  Ni 

5.08  Ni 
2.53  Ni 
0.77  Cr 


0.32  Cr 
0.24  Cr 
1.21  Cr 
0.49  Ni 
6.07  Cr 
0.46  Mo 
25.82  W 


The  cost  of  the  different  types  of  Girod  furnaces  and  of 
complete  plants  is  as  follows : 

A  2.5-ton  furnace,  including  regulators  for  the  electrodes, 
measuring-instruments,  tilting-device  mechanism,  and  conduc- 
tors from  the  furnace  to  a  dynamo,  or  transformer,  near  the 
furnace-room,  costs  about  15,000  francs. 

A  12.5-ton  furnace  with  a  similar  outfit  costs  about  30,000 
francs. 
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The  maDufacturiDg-costs  of  the  electrodes  amount  to  3  or  4 
francs  per  ton  of  carbon  body. 

A  complete  plant,  with  one  2.5-ton  furnace  for  regular 
running,  and  one  furnace  for  reserve,  with  all  appliances  and 
smelter-building,  but  without  dynamo  or  transformer,  will  cost 
approximately  from  200,000  to  300,000  francs. 

A  plant  equipped  with  a  12.5-ton  furnace  will  cost  from 
300,000  to  400,000  francs. 

Several  years  ago  the  Soci6te  Anonyme  Electrometallurgique 
Procedes  Paul  Girod,  at  Ugine,  Savoie,  Prance,  was  created 
to  operate  the  Girod  processes  for  making  iron-alloys  and 
steel.  This  company  owns  the  Girod  alloy-works,  in  which 
also  the  first  experimental  2-ton  steel-furnace  was  tried.  The 
feet  that  to-day  19  furnaces  with  from  400  to  600  e.h.p.  are  in 
operation,  and  that  12  new  furnaces  of  1,200  e.h.p.  each  are 
being  erected,  shows  the  extent  of  this  manufacture.  In  the 
future  these  old  works  will  be  limited  to  making  alloys  only, 
and  the  old  steel-furnace  will  be  transferred  to  the  new  steel- 
works. 

This  company  owns  also  an  electrode  factory  with  the  most 
perfect  and  modern  machinery,  of  a  capacity  of  from  10  to  12 
tons  of  electrode-carbons,  round  or  square  in  cross-section,  of 
diameters  up  to  350  mm.,  and  in  lengths  up  to  1,600  mm.  At 
present  only  7  tons  are  made,  for  which  one  furnace  is  used ; 
a  second  furnace  will  be  built  as  soon  as  the  demand  for  elec- 
trodes increases. 

The  raw  materials  for  the  electrodes  are  retort-graphite,  pe- 
troleum-coke, anthracite  coal,  and  anhydrous  tar.  The  solid 
materials  are  ground  in  ball-mills,  kneaded  with  tar  in  double- 
screw  mixers  and  in  Chilean  mills.  The  scarcely  plastic  mix- 
ture is  now  stamped  into  big  blocks,  which  finally  are  pressed 
into  blocks  of  the  dimensions  given  above.  These  blocks  are 
burned  in  gas-fired  ring-furnaces,  in  the  chambers  of  which 
are  large  fire-clay  tubes  containing  the  pressed  blocks  under  a 
covering  of  ground  coal. 

The  company  owns  several  water-powers.  The  plant  built 
for  the  old  works  is  situated  about  3  km.  above  Ugine,  on  the 
Arly  river.  Here  a  strong  dam  with  gates  sends  the  water 
into  a  tunnel,  which  leads  it  to  a  pipe-line  directly  above  the 
power-house  at  Ugine.     Ten  Pelton-wheel  turbines  drive  as 
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many  directly-coupled  dynamos,  which  furnish  a  total  of  from 
8,000  to  9,000  e.h.p.  The  second  power-station,  fiirnishing  an 
additional  12,000  e.h.p.,  is  situated  above  Le  Fayet.  The  tun- 
nel and  pipe-lines  are  large  enough  to  carry  the  water  for 
20,000  e.h.p.,  but  the  power-house  is  equipped  with  turbines 
and  dynamos  for  only  12,000  e.h.p.  It  will  soon  be  enlarged. 
The  three-phase  current  is  sent  under  45,000  volts  to  XJgine, 
where  it  arrives  with  from  40,000  to  42,000  volts.  It  is  trans- 
formed here  into  currents  of  2,500  volts  for  the  large  machines, 
and  of  from  60  to  75  volts  for  the  furnaces.  The  2,500-volt 
current  is  transformed  into  a  current  of  500  volts,  and  this 
into  110-volts  for  light  and  small  motors,  and  a  500-volt  direct 
current  for  locomotives,  cranes,  and  similar  uses. 

In  addition  to  this  power  the  company  leases  from  a  power- 
station  at  Bionnay,  upon  the  Bonnant  river,  near  St.  Gervais, 
6,000  e.h.p.,  and  from  the  Societe  d'Electrom6tallurgie  Sud- 
Est  at  Veuthon,  near  Albertville,  during  the  period  October  1  to 
April  1,  from  8,000  to  10,000  e.h.p.  Prom  both  stations  the 
current  is  furnished  under  an  e.m.f.  of  45,000  volts.  The  cur- 
rent from  St.  Gervais  is  conducted  to  Le  Fayet,  where  it  enters 
the  Le  Fayet-Ugine  line. 

For  the  production  and  the  first  mechanical  and  thermal 
treatment  of  the  special  steels,  a  new  company,  the  Compagnie 
des  Forges  et  Aci6ries  Electriques  Paul  Girod,  also  under  the 
management  of  Paul  Girod,  has  been  formed.  The  works 
of  this  company  have  been  built  about  1  km.  below  the  old 
works,  and  the  electric  current  is  supplied  by  the  old  company. 

The  installation  which  has  been  provided  for  the  new  steel- 
works, most  of  which  is  now  in  running  order,  is  the  follow- 
ing :  Three  2-ton  electric  furnaces,  one  of  which  is  used  for 
small  steel  castings,  and  two  10-  to  12-ton  electric  furnaces. 
The  steel  produced  in  these  furnaces,  except  the  one  mentioned, 
is  cast  by  means  of  large  ladles,  worked  by  electric  cranes,  into 
ingots,  which  go  to  the  rolling-mills.  Working  with  several 
furnaces  for  steel  castings,  pieces  (dynamo-frames)  up  to  20,000 
kg.  have  been  made. 

For  the  mechanical  and  thermal  treatment  of  the  steel  ingots, 
the  best  modern  machinery  has  been  erected. 

The  rolling-mill  has  2  three-high  rolls,  one  of  which  can 
roll  ingots  of  525  mm.  diameter  and  400  kg.  weight  to  rods  of 

[17] 


18  THE    GIROD    ELECTRIC    FURNACE. 

125  mm.  diameter.  The  other  rolls  ingots  of  325  mm.  diam- 
eter to  smaller  round,  square,  and  other  shaped  rods.  This 
mill  has  two  furnaces  for  heating  the  ingots  before  passing  to 
rolls,  and  the  necessary  cutting-  and  sawing-machinery  for  the 
rolled  shapes. 

A  large  forging  shop  contains  9  hammers  operated  by  com- 
pressed air.  The  largest  of  these  hammers  weighs  5,000  kg. ; 
the  weights  of  the  other  8  hammers  vary  from  1,000  to  100  kg. 
Here  specially  rough  forgings  are  made,  primarily  for  automo- 
bile machinery,  shaftings,  gears,  tool-steel  rods,  projectiles,  etc. 

In  addition  to  several  annealing-furnaces  .  already  in  opera^ 
tion,  a  large  shop  is  being  built  for  tempering,  annealing,  and 
hardening  large  forged  or  cast-steel  pieces. 

A  second  forging  shop,  now  being  erected,  is  to  be  equipped 
with  one  1,000-ton  forging-press,  one  forging-hammer  of  10- 
tons  hammer-weight,  and  three  stamps  with  falling  hammers, 
weighing  respectively  3,000  kg.,  2,000  kg.,  and  1,000  kg. 

The  steel-foundry  contains  a  carpenter-shop  for  making 
patterns,  a  sand-separating  plant,  molding-machines,  molding- 
frames,  drying-  and  heating-furnaces,  and  a  sand-blast  jet  for 
cleaning  the  finisheid  castings.  The  foundry,  with  its  present 
equipment,  will  be  able  to  produce  about  10  tons  of  steel  cast- 
ings daily,  but,  as  mentioned  above,  pieces  weighing  up  to 
20,000  kg.  may  be  cast. 

A  machine-shop  now  nearly  completed  has  6  drills,  5  lathes, 
2  planers,  and  1  grinder.  Each  machine  is  operated  by  a 
special  motor. 

The  power-house  is  equipped  with  two  transformers,  two 
commutators,  and  four  air-compressors,  one  of  30  h.p.,  one  of 
40  h.p.,  and  two  of  400  h.p.  capacity. 

The  analytical  laboratory,  situated  in  the  old  works,  is  doing 
the  investigations  for  both  companies,  and  employs  15  chemists 
and  assistants. 

The  new  plant  has  a  laboratory  for  making  mechanical 
and  physical  tests  of  the  products,  which  is  equipped  with  all 
appliances  to  determine  the  mechanical  strength*  and  to  inves- 
tigate the  microstructure  as  changed  by  mechanical  and  heat- 
treatment. 

The  two  companies  are  erecting  sanitary  and  comfortable 
dwelling-houses  for  the  workmen  and  other  employees. 
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I  have  been  informed  that  in  addition  to  the  two  Girod  com- 
panies mentioned  above,  the  following  firms  have  ordered 
Girod  furnaces,  some  of  which  have  been  operated  for  some 
time: 

Oehler  &  Cie.,  steel-foundrj  in  Aarau,  Switzerland. 
Soci^t^  John  Cockerill,  iron-  and  steel- works  in  Seraing,  Belgium. 
Stotz  A  Co.,  steel-foundry  in  Komwestheim,  near  Stuttgart,  Germany. 
Stahlwerk  Becker,  Krefeld,  Germany. 

Gutehoffniingshiitte  (one  of  the  largest  and  oldest  coal-mining,  iron-  and  steel- 
smelting  works  in  Germany),  in  Oberhausen. 

Temitzer  Stahlwerk,  Schoeller,  in  Temitz,  Austria. 
Danner  &  Co.,  steel- works  in  Judenburg,  Austria. 
Ungarisches  Staats-Stahlwerk  in  Diosgyor,  Hungary. 

From  the  above  it  is  evident  that  at  last  the  Girod  furnace 
is  earning  the  attention  and  success  it  so  well  deserves. 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENOINEBRS.] 


Glass  Mine-Models. 

BY  EDMUND  D.    NORTH,  TONOPAH,  NEV. 
(Spokane  Meeting,  September,  1909.) 

In  making  a  glass  model  of  mine-workings,  each  mine  will 
present  some  little  individualities,  to  meet  which  will  call  for 
the  exercise  of  special  ingenuity.  Having  made  several  models, 
I  offer  the  following  details  of  the  model  of  the  Montana- 
Tonopah  mine-workings,  believing  that  with  small  changes 
for  different  conditions  the  method  described  can  be  success- 
fully used  in  making  a  glass  model  of  the  workings  of  any 
mine. 

The  model,  Fig.  1,  has  the  top,  one  end,  and  the  front 
removed.  The  case  is  made  of  kiln- dried  pine,  painted  with 
several  coats  of  dead-white  paint.  It  is  made  to  take  sheets 
of  glass  24  by  42  in.  in  size,  and  is  18  in.  high,  the  workings 
shown  being  on  a  scale  of  1  in.  =  40  ft,  or  4800  : 1  scale. 

The  base  is  made  of  four  pieces  of  2-in.  material,  well  pinned 
and  glued  together.  The  back,  of  material  1  in.  thick,  is 
secured  rigidly  to  the  base  by  screws  and  countersinking. 

The  four  posts,  1.5  in.  square,  are  so  cut  that  the  front  and 
two  ends  of  the  model  fit  in  flush  with  the  outside  edges  of  the 
posts.  The  top  rails,  1  in.  square,  are  fastened  rigidly  to  the 
front  and  back  posts  by  means  of  small  iron  braces. 

The  ends,  front,  and  top  of  the  case  are  of  0.5-in.  material ; 
the  ends  and  front  are  held  in  place  at  the  bottom  by  pegs 
fitting  into  the  base ;  at  the  top  the  ends  are  held  by  buttons 
and  the  front  by  cupboard-hooks  on  the  inside.  Hinged  hasps 
on  the  cover,  fitting  over  staples  in  the  end-pieces,  make  it  easy 
to  lock  the  entire  case. 

Before  the  back  is  fastened  to  the  base,  it  is  cut  with  hori- 
zontal and  vertical  grooves  to  receive  the  horizontal  and  vertical 
sheets  of  glass,  shown  clearly  in  Figs.  1  and  2.  The  horizontal 
grooves,  spaced  to  scale,  represent  the  vertical  distances  between 
the  levels  at  the  shaft.  The  vertical  grooves  are  placed  wher- 
ever cross-sections  of  the  workings  are  desired. 
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The  posts  have  horizontal'  grooves  to  correspond  with  those 
in  the  back.  Strips  of  galvanized  iron,  0.6  in.  wide,  and  bent 
throughout  their  entire  length  so  as  to  have  two  0.25-in.  faces 
at  right  angles,  are  fastened  by  small  screws  to  the  front  and 
back  posts,  the  upper  surface  of  the  iron  being  flush  with  the 
bottom  of  the  horizontal  grooves.  This  construction  is  very 
rigid,  and  the  view  through  the  ends  of  the  model  is  not  mate- 
rially obstructed.  Without  these  iron  strips  the  horizontal 
sheets  of  glass  do  not  have  the  proper  end  support,  and  tend 
to  crack  at  the  corners. 

Eight  1-c-p.  electric  lights  (frosted),  placed  in  the  base,  make 
it  possible  to  see  clearly  every  part  of  the  model. 

The  horizontal  sheets,  of  ordinary  double-thick  glass,  selected 
as  free  from  bubbles  and  imperfections  as  possible,  are  24  by 
42  in.  in  size.  The  cross-sections  are  made  on  ordinary  single- 
thick  glass,  cut  24  in.  long,  and  in  widths  to  fit  closely  between 
the  respective  horizontal  sheets.  These  vertical  strips  are  used, 
in  places,  from  the  base  of  model  to  the  top,  even  when  not 
used  for  sections,  because  of  the  support  they  offer  to  the  hori- 
zontal sheets. 

Fig.  3  shows  the  means  devised  to  keep  the  vertical  sheets 
of  glass  from  moving  laterally  on  the  horizontal  sheets  at  the 
front  of  model.  These  little  clips  are  made  of  brass  spring- 
wire,  and  as  the  thickness  of  the  glass  varies,  they  can  be  made 
to  hold  firmly  anywhere.  They  offer  very  little  obstruction  to 
the  view. 

As  the  first  mine-level  is  400  ft.  below  the  shaft-collar,  be- 
cause of  a  capping  of  about  370  ft.  of  barren  andesite,  the 
model  shown  in  Figs.  2  and  3  starts  at  about  350  ft.  below  the 
collar.  The  lowest  horizontal  sheet  in  the  model  has  the  co- 
ordinates and  claim-lines  on  it,  this  one  sheet  serving  to  orient 
the  observer  for  all  levels. 

In  case  the  model  represents  the  mine  up  to  the  surface,  a 
top  sheet,  showing  the  topography  and  surface-improvements, 
is  often  desirable. 

If  ground  glass  be  used  in  place  of  clear  glass  for  the 
bottom  sheet,  it  will  do  away  with  reflection  from  the  lamps, 
which  may  be  noticed  at  soi^e  angles  if  clear  glass  is  used. 

A  model  as  above  described  can  be  opened  in  a  moment, 
and  a  clear  view  can  be  obtained— from  either  end  through  the 
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Fig.  2. — Model  op  Montana-Tosopah  Minb-Workin 
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Bections,  from  the  top  looking  at  the  plans,  or  through  the 
top  at  an  angle,  observing  the  plans  and  sections  at  once. 

All  the  work  is  first  platted  on  paper,  and  the  glass  plate  is 
used  the  same  as  a  tracing  cloth  would  be. 

Winsor  A  Newton  oil-colors  are  used  for  drawing  on  the 
glass;  an  equal  mixture  of  turpentine  and  white  japan  is 
made  up  in  stock,  and  this  is  thoroughly  mixed  with  the  oil- 
color  in  a  small  dish  as  needed.  Different  colors  require  dif- 
ferent amounts  of  this  mixture  added  to  them,  the  proper  mix- 
ture for  each  color  being  obtained  when  it  will  flow  freely  from 
a  ruling-pen  to  the  glass  and  still  be  thick  enough  to  stand 
permanently  on  the  glass  and  not  spread. 

Free-hand  lines  and  lettering  can  best  be  made  with  a  ruling- 
pen,  since  on  a  glass  surface  this  pen  makes  even  lines  in  all 
directions.  About  24  hr.  is  required  for  the  mixture  to  dry ; 
the  levels  can  then  be  filled  with  their  respective  colors  with  a 
brush.  It  is  best  to  have  the  outlines  of  the  same  color  as  that 
with  which  they  are  to  be  filled. 

All  sections  being  numbered,  it  is  a  simple  matter  to  take 
the  model  apart  and  to  put  it  together  again,  so  that  the  work 
can  be  added  to  regularly  and  the  model  posted  to  date ;  new 
grooves  can  be  cut  in  the  back  and  new  sections  added 
wherever  desired. 

The  sections  in  this  model  are  north  and  south,  and  in  any 
model  it  is  well  so  to  orient  the  work  that  the  desired  sections 
will  be  at  right  angles  to  the  back  of  model.  All  workings 
which  are  at  or  within  10  fl.  of  a  section  are  put  on  the  section 
in  full  black;  if  desirable  to  show  anything  further  away  than 
10  ft.,  it  is  dotted,  showing  it  to  be  projected.  By  using  care 
in  choosing  the  sections,  very  little  projecting  will  be  found 
necessary. 

The  colors  used  for  the  levels  are  the  same  as  those  used  on 
the  worting-map  of  the  property — namely:  first  level,  car- 
mine; second  level,  blue;  third  level,  yellow;  fourth  level, 
green ;  fifth  level,  purple ;  and  intermediate  levels,  gray. 

In  sections,  all  work  in  ore  is  outlined  in  red ;  if  desirable, 
the  geology  can  be  placed  on  each  level  and  on  each  section 
by  cross-hatching  the  different  formations  in  different  colors, 
which  will  show  plainly  the  different  formations  without  ob- 
structing the  view. 
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The  Nicola  Valley  Coal-Field,  British  Columbia. 

BY  MILNOR    ROBERTS,*  SEATTLE,   WASH. 
(Spokane  Meeting,  September,  1909.) 

The  Nicola  Valley  coal-field  is  small,  but  it  seems  likely  to 
become  important  because  of  its  commanding  position  in  a  rich 
region  that  is  developing  rapidly.  Bituminous  coking  coal  in 
workable  quantity  has  not  been  found  at  any  other  point  be- 
tween the  Crow's  Nest  Pass  region,  about  400  miles  to  the 
east,  and  Vancouver  island,  250  miles  westward.  The  Cana- 
dian Pacific  railway  reached  the  Nicola  valley  two  years  ago ; 
two  other  lines,  the  Canadian  Northern  and  the  Great  Northern, 
are  building  towards  the  valley.  The  vast  region  between  the 
Rocky  mountains  and  the  Pacific  coast,  extending  northward 
for  several  hundred  miles  from  the  international  boundary, 
which  has  been  the  scene  of  extensive  mining-  and  smelting- 
operations  for  many  years,  is  filling  up  with  settlers,  who  are 
attracted  by  the  wealth  of  minerals  and  timber,  the  rich  soil  of 
the  valleys,  and  the  fine  climate. 

The  Nicola  river,  flowing  westward  through  the  valley  of 
that  name  in  the  Yale  district,  discharges  into  the  Thompson 
river,  which  is  the  eastern  branch  of  the  Fraser.  The  trans- 
continental line  of  the  Canadian  Pacific  railway  crosses  the 
mouth  of  the  Nicola  river  at  Spence's  bridge,  178  miles  from 
Vancouver.  From  Spence's  bridge  the  Nicola  branch  line 
ascends  the  valley  for  40  miles  to  Merritt,  the  coal-center,  and 
continues  7  miles  farther  to  the  town  of  Nicola.  Thus  the 
haul  from  the  mines  at  an  elevation  of  2,000  ft.  to  salt  water  is 
218  miles  down  river  grades.  The  Nicola  branch  will  be  con- 
tinued about  150  miles  farther  eastward  to  Penticton,  where  it 
will  connect  with  an  extension  of  the  line  through  the  rich 
Kootenay  and  Boundary  districts.  The  Canadian  government 
has  granted  a  subsidy  of  $6,000  per  mile,  to  which  the  pro- 

*  Dean,  School  of  Mines,  Universitj  of  Washington. 
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vincial  government  is  planning  to  add  $5,000  per  mile,  to 
assist  in  the  construction  of  the  Nicola  extension.  Upon  the 
completion  of  this  connecting  link  the  Canadian  Pacific  rail- 
way will  have  a  short  southern  route  from  the  coast  to  its 
main  line  at  Dunmore,  Saskatchewan. 

The  Victoria,  Vancouver  &  Eastern  railroad  is  building  a 
line  up  the  Similkameen  River  valley  from  the  Boundary  region 
towards  the  Nicola  valley.  Rails  are  laid  and  trains  are  run- 
ning to  Keremeos,  while  grading  has  advanced  to  Princeton, 
60  miles  from  Merritt.  This  road,  which  has  connections  with 
the  Great  Northern  railroad  at  Spokane,  Wash.,  will  give  the 
Hill  lines  a  direct  entry  into  Vancouver  from  the  east.  The 
route  as  surveyed  passes  near  the  Nicola  field,  and  a  connection 
there  is  a  practical  certainty. 

Construction  of  the  Canadian  Northern  railroad  has  ad- 
vanced as  far  westward  as  Edmonton,  Alberta.  The  line  of 
its  location-survey  extends  from  Edmonton  across  the  Rocky 
mountains  through  the  Yellowhead  pass  and  turns  southwest 
to  the  Thompson  river.  It  passes  either  through  the  Nicola 
valley  or  not  far  from  it,  and  continues  down  the  Eraser  to  the 
western  terminus  at  Vancouver.  A  general  election,  called  for 
Nov.  25,  1909,  will  decide  the  questions  of  the  route  to  be  al- 
lowed the  Canadian  Northern,  and  the  amount  and  form  of 
government  assistance  to  be  granted  it. 

The  Grand  Trunk  Pacific,  Canada's  third  transcontinental 
road,  with  terminus  at  Prince  Rupert,  crosses  British  Columbia 
several  hundred  miles  north  of  Nicola  valley.  A  survey  is  now 
being  run  for  a  branch  line  from  the  main  line  in  the  neigh- 
borhood of  Edmonton  to  Vancouver,  passing  through  the 
Nicola  valley. 

The  Nicola  coal-field  lies  wholly  in  the  valleys  of  the  Nicola 
and  Coldwater  rivers,  which  unite  at  Merritt  The  area  known 
to  be  underlain  by  coal  is  about  8  miles  long  by  4  miles  in 
greatest  width.  The  Quilchena  field,  lying  8  miles  farther  east, 
is  similar  in  many  respects,  but  is  not  developed.  A  deposit 
of  fine  alluvium  covers  the  fioor  of  Nicola  valley  and  forms  a 
deep  rich  soil  at  the  surface.  The  coal-measures  lie  directly 
beneath  it,  and  outcrop  through  the  alluvium  at  only  a  few 
points  on  the  edges  of  the  valley.  From  the  present  workings 
and  the  outcrops  it  appears  that  the  measures  form  mainly  a 
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synclinal  trough  surrounded  by  igneous  rocks.  Near  the  con- 
tact with  the  latter,  at  certain  places,  the  sedimentaries  are 
irregular  in  dip  and  strike,  perhaps  showing  lesser  folds,  but 
the  variations  seem  to  be  simple  and  do  not  interfere  with 
development  or  mining. 


Fig.  1. — Sketch-Map  op  a  Foetion  of  BBiriSH  Columbia,  Showing  the 

Nicola  Valley  Coal-Field. 


The  coal-measures,  which  Dr.  Dawson  and  Dr.  Ells,  of  the 
Canadian  Geological  Survey,  term  the  Coldwater  group,  seem 
to  have  been  deposited  in  the  very  early  part  of  the  Tertiary, 
wholly  previous  to  the  extensive  volcanic  activity  that  occurred 
in  Miocene  times  and  produced  the  present  walls  of  the  valley. 
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At  the  base  of  the  Coldwater  group,  where  coal  is  lacking,  con- 
glomerate-beds  appear;  higher  up  in  the  series  the  rocks  are 
mostly  alternating  sandstones  and  shales  with  numerous  beds 
of  coal.  The  workings  are  not  extensive  enough  to  allow  a 
complete  correlation  of  the  measures  in  different  parts  of  the 
field,  but  it  is  probable  that  there  are  at  least  eight  or  ten 
workable  seams  more  than  8  ft.  thick. 

The  first  mining  of  any  importance  was  done  near  Coal 
Gully,  in  the  southern  part  of  the  field,  in  December,  1906,  by 
the  Nicola  Valley  Coal  A  Coke  Co.  This  company  has  opened 
up  considerable  ground  and  is  now  putting  out  about  800  tons 
per  day,  which  is  sold  mostly  to  the  Canadian  Pacific  railway. 
The  Diamond  Vale  Coal  &  Iron  Mines,  Ltd.,  have  carried  on 
development  near  the  center  of  the  valley,  on  both  slopes  of  the 
syncline,  by  means  of  diamond-drill  holes,  shafts,  and  slopes. 
Approximately  6,000  tons  of  coal  have  been  produced,  but 
present  efforts  are  being  confined  to  development.  The  Coal 
Hill  Syndicate  recently  opened  two  valuable  seams,  of  which 
one  is  10.5  ft.  thick.  Incidentally,  the  latter  work  has  ex- 
tended the  known  area  of  the  coal-field  west  of  Coal  Gully,  the 
place  of  original  discovery.  Diamond-drilling,  now  being  car- 
ried on  by  the  Nicola  Development  Co.,  Ltd.,  in  which  I  am 
interested,  is  proving  that  the  northern  portion  of  the  field  is 
valuable,  and  is  of  greater  extent  than  any  of  the  maps  have 
shown. 

Room-and-pillar  is  the  usual  mining-system.  The  Nicola 
Valley  Coal  &  Coke  Co.  mined,  perhaps,  two  or  three  thousand 
tons  by  long-wall,  but  the  experiment  did  not  prove  wholly  suc- 
cessful. The  same  company  is  installing  a  compressor  and  10 
Siskol  coal-cutting  machines  to  be  used  in  both  narrow  work 
and  rooms.  The  thickest  seam  developed  anywhere  in  the 
field  at  this  time  is  the  Nicola  Valley,  No.  1,  which  measures 
18.5  ft.  from  floor  to  roof,  including  a  2-ft.  parting  of  hard 
clay.  The  floor  of  the  seams  in  general  is  sandstone,  less 
often  hard  shale.  Less  than  half  the  present  gangways  and 
slopes  are  timbered,  owing  to  a  dependable  roof,  which  is 
mainly  fine-grained  sandstone,  sometimes  with  "  following 
stone"  of  "slate"  from  4  to  8  in.  thick.  In  most  places  the 
seams  are  solid  enough  to  yield  a  very  good  proportion  of  lump 
in  the  run-of-mine  coal.     Dips  are  encountered  as  low  as  10° 
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and  as  high  as  40®;  the  usual  limits,  however,  appear  to  be  15 
and  30®.  The  amount  of  "  gravity  "  coal  in  the  valley  is  quite 
limited.  All  the  workings  are  dry,  except  in  a  few  places 
where  the  water  evidently  penetrates  from  the  surface.  Traces 
of  gas  have  been  detected  in  the  past  at  certain  points ;  recently 
it  has  become  quite  noticeable  in  one  of  the  pits. 

All  of  the  mining-  and  parts  of  the  hauling-  and  loading-work 
are  done  by  contract.  For  seams  less  than  5  ft.  thick  the  con- 
tract-price of  coal  on  the  cars  is  $1  per  ton,  while  for  thicker 
seams  80  cents  is  paid.  Underground  laborers  receive  average 
wages  of  $3  for  an  8-hr.  day ;  outside  men,  $2.75  for  9  hr.  Posts 
and  caps  of  yellow  pine  from  the  surrounding  hills  cost  5  cents 
per  foot.  StuUs  of  cottonwood  from  the  river-bottoms  cost  10 
cents  each. 

Nicola  Valley  coal  is  bituminous  in  character,  and  yields  an 
excellent  coke  for  copper-furnace  and  blacksmith  purposes. 
The  composition  varies  somewhat  in  the  different  seams,  but 
in  a  given  seam  it  appears  to  be  constant.  The  moisture  is 
unusually  low  for  a  "Western  coal,  running  from  2  to  7  per  cent. 
The  volatile  constituents  vary  from  82  to  39  per  cent.,  and  the 
fixed  carbon  from  49  to  57  per  cent.  The  amount  of  ash  in  the 
coal  when  it  reaches  market  can  be  kept  within  a  reasonable 
limit,  say  from  4  to  8  per  cent.  Although  some  of  the  seams 
contain  bone  or  shale,  which  is  either  sorted  out  by  the  miners 
or  picked  out  at  the  tipple,  the  coal  itself  is  clean.  In  the 
mining-  and  handling-operations  fine  dirt  accumulates  in  the 
coal,  particularly  with  the  small  sizes,  but  the  latter  respond 
readily  to  jigging-tests,  and  yield  products  low  in  ash.  Sulphur, 
in  the  form  of  pyrite,  varies  from  0.5  to  1  per  cent.  A  large 
lump  of  Diamond  Vale  coal,  which  had  been  exposed  to  the  air 
for  some  time,  gave  the  following  analysis : 

•  Per  Cent. 

Moistare,       . 2.66 

Volatile  constituents, 37.84 

Fixed  carbon, 55.14 

Ash, 4.36 

Total, 100.00 

Markets  for  Nicola  Valley  coal  and  coke  are  near  at  hand. 
The  three  railroads  already  mentioned  will  have  long  stretches 
of  road,  from  300  to  400  miles  each,  in  which  Nicola  will  have 
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the  advantage  of  short  haul  in  comparison  with  other  fields. 
In  addition  to  the  main  lines,  branches  are  certain  to  be  built 
soon  through  the  nearby  mining  and  agricultural  districts  of 
British  Columbia  and  Washington.  The  mining  and  smelting 
industries  of  southeastern  British  Columbia,  which  are  increas- 
ing in  importance,  now  obtain  their  coal  and  coke  from  distant 
points  at  high  cost.  Lastly,  the  demand  for  coal  to  be  used  for 
domestic  supply  and  for  power  purposes  is  growing  steadily. 
Although  stock-raising  and  lumbering  will  continue  to  be  im- 
portant industries  in  the  region,  agriculture  and  horticulture 
have  gained  firm  footholds.  Many  of  the  valleys,  including 
the  Nicola  itself,  have  been  found  capable  of  producing  under 
irrigation  abundant  crops  of  the  finest  grades  of  apples  and 
other  fruits.  With  the  infiux  of  country  settlers,  naturally  the 
cities  and  towns  are  thriving.  In  general,  southern  British 
Columbia  is  keeping  pace  with  the  rapid  development  of  the 
Pacific  Northwestern  States. 
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An  Adjustable  Pyrometer- Stand. 

Br  L.  W.  BAHNEY,*  PALO  ALTO,  CAL. 

(Spokane  Meeting,  September,  1909.) 

Frequently  in  using  a  thermo-electric  pyrometer  for  measur- 
ing the  temperature  of  a  furnace,  a  hole  is  drilled  at  the  back 
or  side  of  the  furnace,  through  which  is  introduced  the  tube 
containing  the  thermo-couple.  At  times  the  couple  is  left 
almost  where  it  drops,  for  the  reason  that  it  soon  becomes  too 
hot  to  be  handled  easily,  and  the  space  at  the  back  or  side  of 
the  furnace  may  be  so  small  and  uncomfortably  hot  that  an 
easy  and  accurate  adjustment  is  nearly  impossible.  In  order 
to  overcome  this  clumsy  and  unscientific  method  of  using  the 
thermo-electric  pyrometer,  I  designed  an  adjustable  stand,  to 
hold  the  clay  or  quartz  tube  inclosing  the  platinum  and  plati- 
num-rhodium leads  that  constitute  the  couple  of  the  Le  Chate- 
lier  thermo-electric  pyrometer.  This  stand  also  allows  an  easy 
and  rapid  adjustment  of  position  to  varying  heights  and  angles, 
as  may  be  desired  for  special  reading. 

This  stand  is  illustrated  in  Fig.  1.  The  couple  in  the  tube 
might  be  of  better  service  if  the  tube  were  held  a  little  higher 
above  the  charge  in  a  roasting-dish,  changing  the  height  and 
angle  if  desired. 

The  stand,  made  of  1.5-in,  water-pipe  and  mounted  on  casters, 
is  heavy  enough  so  it  cannot  be  tipped  over  easily.  It  is  adjusted 
to  any  position,  and  has  a  universal  clamp  which  holds  the 
clay  or  quartz  protecting-tube. 

To  avoid  disturbing  the  wires  of  the  couple  at  the  cold  junc- 
tion each  time  the  tube  is  moved,  the  cooling-bottle  sets  in  a 
wire  basket  so  placed  that  it  moves  forward  or  back  with  the 
jcouple. 

To  overcome  the  necessity  of  leveling  and  adjusting  a  gal- 
vanometer at  each  furnace,  a  switch-board  is  used  to  connect 


*  Instructor  in  Metallurgy,  Stanford  University. 
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the  pyrometer  with  the  galvanometer  by  means  of  three  binding- 
posts  placed  at  each  furnace. 

The  furnaces  are  numbered  from  1  to  12,  and  to  facilitate 
the  work  two  galvanometers  are  used,  A  and  B  in  Figs.  2  and  8. 

On  a  block  in  front  of  each  of  the  furnaces.  Fig.  8,  are  bind- 
ing-posts A  and  By  to  correspond  to  the  galvanometers,  while 
the  central  post  is  numbered  according  to  the  furnace.  Thus, 
the  binding-post  block  of  furnace  No.  8  would  be  marked  A3  B. 

The  connection  between  the  binding-posts  and  the  switch- 
board is  by  means  of  a  telephone  cable  cased  in  a  lead  tube. 
Beneath  the  furnace  this  tube  is  inclosed  in  a  conduit  for  pro- 
tection. 

The  switch-board  is  of  marble,  having  a  plug  for  each  of  the 
galvanometers,  A  and  B^  and  12  holes,  each  bearing  the  num- 
ber of  a  furnace,  so  that  any  individual  furnace  may  be  con- 
nected with  either  galvanometer,  or  with  both. 

A  perfect  adjustment  of  the  galvanometers  is  obtained  by 
placing  them  in  a  dust-proof  case  mounted  on  a  concrete  pillar, 
1  by  2  ft.  by  4  fl.  high,  resting  in  sand  about  1  ft.  below  the 
floor,  as  shown  in  Fig.  8. 

The  wooden  base,  which  merely  covers  the  hole  in  the  floor 
at  the  front,  back,  and  sides,  is  fastened  to  the  pillar,  so  that 
any  motion  of  the  floor  is  not  communicated  to  the  galva- 
nometers. 

In  calibrating  the  couples,  the  readings  of  the  galvanometer 
are  taken  through  the  cable  and  switch-board,  so  that  similar 
conditions  will  obtain  when  in  use. 

For  general  work,  the  Battersea  clay  tubes  made  by  the 
Morgan  Crucible  Co.,  England,  are  the  best,  as  they  are  not  so 
easily  corroded  and  broken  as  are  the  quartz  tubes. 

In  one  instance  the  quartz  tubes  available  for  my  use  were 
0.5-in.  bore  and  about  8  ft.  long.  Wishing  to  use  a  couple 
longer  than  8  ft.,  I  took  the  quartz  tube  and  placed  next  to  it 
an  18-in.  Battersea  clay  tube  of  the  same  bore,  closed  at  one 
end,  then  slipped  a  piece  of  porcelain  combustion-turbing,  1-in. 
bore,  over  the  joint,  and  poured  the  space  between  the  combus- 
tion tubing  and  the  quartz  and  clay  tubes  full  of  a  thin  plaster- 
of-paris  paste. 
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A.  Siemens- Ha Uke  gaivs 

B.  Cold  junction  filled  with  water,  containing  small  U-tubei  lilled  with  mercury, 

hf  which  the  contact  ia  made  witli  the  couple- wires  and  the  lead  to  the 

C.  Quarti  protecting-tube,  0.~>  in.  bore. 
F.  Pine-adjustment  screw. 

O.  Thumb-screws  for  fastening  the  protecting- tube. 
H.  Thermometer. 

Fia.  1. — View  of  Adjubtable  Pvbomgteh-Stand. 
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Fio.  3. — Plan  Showino  AiiRAHaEHENT  oe  Stand  and  Furnace 
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Cyaniding  Slime. 

BT  MARK  B.    LAMB,   MILWAUKEE,   WIS. 

(Spokane  Meeting,  September,  1909.) 

The  various  methods  of  treating  pulp  in  air-agitation  tanks 
offer  problems  for  experiment  and  study  which  are  fascinating 
as  well  as  practical.  The  usual  method  heretofore  has  been 
to  fill  each  tank  in  turn,  agitate  the  mixture  the  required  period 
and  then  discharge  the  treated  pulp  into  a  storage-tank,  from 
which  it  is  drawn  to  the  filter  as  required. 

A  later  method  is  to  run  the  pulp  from  the  tube-mill,  classi- 
fier, thickener,  or  settler  into  the  first  of  a  set  of  tanks,  and 
thence  continuously  or  in  series  through  the  remaining  tanks, 
finally  drawing  off  the  pulp  to  a  continuous  filter,  or  to  a  pulp- 
storage  tank  if  the  filter  is  of  the  intermittent  type.  It  is  this 
method  which  I  propose  to  discuss  here  in  a  preliminary  way, 
with  the  idea  of  going  exhaustively  into  the  examination  of 
the  results  of  a  series  of  experiments  in  a  later  paper. 

It  may  be  of  interest  to  note  that  the  design  of  a  cyanide- 
plant  has  recently  been  completed  in  which  the  estimated  cost 
of  the  agitation-tanks,  .storage-tanks,  and  pumps  was  80  per 
cent  higher  for  the  charge-agitation  arrangement  than  for  the 
series  plan. 

The  first  question  in  studying  the  series  method  is,  "  "What 
is  the  actual  period  of  treatment  undergone  by  the  pulp  ?  " 
One  first  supposes  that  by  chance  some  of  the  pulp  may  get 
through  with  little  or  no  treatment,  while  other  portions  may 
stay  in  the  tanks  a  needlessly  long  period.  The  former  is  not 
probable  or  even  possible,  and  the  latter  is,  practically,  true 
to  only  a  limited  extent.  The  greater  the  number  of  tanks 
the  greater  is  the  percentage  of  chance  that  all  the  pulp  will 
be  treated  equally.  Without  going  into  the  mathematical 
analysis  of  the  problem  (which  is  of  little  value,  since  it  is  based 
on  problematical  premises),  its  important  terms  may  be  clearly 
grasped  by  thinking  of,  or  "  visualizing,"  the  conditions  when, 
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say,  50  tons  of  dry  slime  is  treated  in  24  hr.  The  thickened 
pulp  representing  this  tonnage  is  a  sluggish,  2-in.  stream  flow- 
ing 25  in.  per  second.  Taking  the  flow  of  this  stream  for  any 
given  period,  say  5  min.,  16  cu.  ft.  will  flow  into  the  first  of  a 
set  of  agitation-tanks.  If  the  tanks  have  a  working-capacity 
of  1,600  cu.  ft.,  one  such  tank  will  contain  17  tons  (dry  weight) 
of  slime  in  a  2-to-l  pulp,  and  three  tanks  will  be  required  to 
agitate  50  tons  for  24  hr.  Assuming  an  instantaneous  mix- 
ture of  the  stream  of  incoming  pulp  with  that  already  in  the 
tank  (an  impossible  condition  which  will  be  discussed  later), 
then  1  per  cent,  of  16  cu.  ft.  will  be  discharged  with  no  treat- 
ment. With  two  tanks  the  proportion  which  would  be  dis- 
charged with  no  treatment  is  reduced  to  0.01  per  cent.  Of 
course,  other  portions  would  be  discharged  with  varying  and 
increasing  periods  of  treatment. 

The  rate  of  flow  of  the  pulp  from  the  time  it  is  thrown  out 
of  the  top  of  the  central  tube  until  it  reaches  the  bottom  of 
the  tank  varies  with  the  amount  of  air  used  and  the  shape  and 
the  size  of  the  tank.  The  period  is  from  0.5  to  2  hr.  If 
the  incoming  stream  enters  at  the  side  of  the  tank  opposite 
the  outlet,  and  giving  due  consideration  to  this  slow  move- 
ment of  the  charge,  it  is  a  physical  impossibility  for  any  par- 
ticle of  the  pulp  to  go  through  this  series  of  three  tanks  in  less 
than  1  hr.  30  min.  In  the  mathematical  analysis  this  mini- 
mum period  gives  the  series  method  a  big  handicap,  and  one 
which  increases  directly  with  the  number  of  tanks  used.  In 
fact,  this  low  circulation- velocity  makes  the  operation  resemble 
tne  treatment  of  pulp  in  a  horizontal  tube  of  the  same  diam- 
eter as  the  agitation-tanks  and  of  a  length  equal  to  the  com- 
bined lengths,  having  the  agitation  at  right  angles  instead  of 
parallel  to  its  length. 

If  any  comparisons  have  been  made  on  a  practical  scale  to 
show  the  difference  in  extraction  by  the  two  methods  of  using 
the  air-agitation  tanks,  the  results,  so  far  as  I  know,  have  not 
been  published.  Such  a  test  would  be  of  great  interest,  and 
the  managers  of  several  plants  are  now  in  a  position  to  make  it. 
In  tests  on  a  small  scale,  with  tanks  of  a  capacity  of  100  lb. 
of  dry  slime  in  a  2-to-l  pulp,  several  interesting  things  have 
been  noted.  With  pulp  containing  coarse  sand  (and  even  with 
fine  sand  in  a  thin  pulp),  care  must  be  exercised  in  drawing  the 
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pulp  from  one  tank  to  the  next  in  the  series,  otherwise  either 
the  sand  or  the  slime  will  accumulate.  If  the  drawing-off  pipe 
is  merely  flanged  to  the  tank,  the  outflowing  pulp  will  contain 
a  greater  proportion  of  slime  to  sand  than  is  contained  in  the 
average  of  the  pulp,  since  during  agitation  by  this  method  the 
sand  has  'a  tendency  to  sink  through  the  pulp  as  soon  as  dis- 
charged through  the  central  air-lift,  rather  than  to  work  out  to 
the  sides  of  the  tank  with  the  flocculent  slime.  This  difference 
in  pulp-flow  is  greater  with  a  thin  mixture  and  less  with  a  thick 
one,  and  can  be  utilized  practically  in  a  very  simple  manner  if 
it  is  desired  to  agitate  the  sand  longer  than  the  slime.  A  con- 
centration of  sand  in  the  tank  will  be  attained  by  drawing  the 
slime  from  a  quiet  point  in  the  circumference  of  the  surface  of 
the  pulp.  To  do  this,  a  discharge-pipe,  pivoted  at  the  side  of 
the  tank,  is  arranged  to  swing  in  a  horizontal  plane  and  to  be 
placed  and  held  at  any  desired  point  in  its  arc  between  the  cen- 
tral pipe  and  the  side  of  the  tank.  After  the  desired  initial 
concentration  is  attained,  this  discharge-pipe  is  then  placed  so 
as  to  draw  oft'  a  mixture  of  the  same  proportions  of  sand  and 
slime  as  that  being  fed  to  the  tank,  which  will  maintain  the 
charge  in  the  tank  at  the  higher  ratio  of  sand  to  slime.  Thus 
the  slime  will  go  through  faster  and  the  sand  slower  than  the 
average  pulp-flow.  To  illustrate  this  point,  imagine  a  tank  con- 
taining 100  tons  (dry  weight)  of  pulp  consisting  of  3  of  sand  to 
1  of  slime.  Admit  a  stream  of  pulp  carrying  100  tons  in  24  hr., 
which  consists  of  half  sand  and  half  slime,  drawing  oft  an  ex- 
actly similar  stream.  The  slime  which  was  originally  in  the 
tank  (25  tons)  will  be  replaced  twice  in  24  hr.  by  the  50  incom- 
ing tons,  while  the  original  sand  (75  tons)  will  be  replaced  only 
two-thirds  time.  In  other  words,  the  slime  will  receive  a  12-hr. 
treatment  and  the  sand  will  receive  a  36-hr.  treatment.  I 
consider  this  one  of  the  important  advantages  of  the  "series" 
system.  The  regulation  of  the  ratio  of  sand-concentration  in 
the  tanks,  within  the  practical  limits  to  be  determined  in  each 
case,  will  be  controlled  by  taking  a  pulp-sample  of  a  certain 
size,  washing  it  through  a  200-mesh  screen,  and  setting  the 
discharge-pipe  as  many  inches  from  the  rim  of  the  tank  as 
there  are  ounces  of  sand  remaining  on  the  screen.  The  proper 
weight  of  the  sample  to  give  best  results  can  be  determined 
experimentally. 
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A  point  of  great  advantage  possessed  by  the  series  method 
in  the  design  of  many  plants  is  the  saving  in  difference  of  level 
required  in  the  site.  The  agitation-tanks,  if  used  in  this  man- 
ner, need  not  require  more  than  from  2  to  4  fL  difference  in 
level  between  the  inlet  and  the  outlet,  depending  to  some  extent 
upon  the  number  and  size  of  tanks  and  the  distance  apart,  but 
also  and  mainly  upon  the  margin  of  capacity  required  to  pro- 
vide for  fluctuations  in  pulp-feed  and  discharge.  This  margin 
depends  largely  upon  the  type  of  filter  used.  Ordinarily,  the 
pulp  will  be  drawn  from  near  the  top  of  the  last  tank,  while  in 
the  '^  charge ''  system  the  outlet  is  at  the  bottom  of  the  tank. 


CHARGE  SYSTEM 


SERIES  SYSTEM 


Settler 


Settler 


^  Pulp  Storage 


Fio.  1. — Charge  System  and  Series  System  Compared. 


Fig.  1  shows  this  difference.  In  the  series  system  no  storage- 
tank  is  needed  below  the  last  agitator-tank  if  a  continuous 
filter,  such  as  the  Oliver  or  the  Ridgway,  is  used,  only  a 
small  tank  of  a  capacity  to  supply  pulp  to  equal  the  displace- 
ment of  a  loaded  basket  of  leaves  if  a  Moore  filter  is  used,  and 
a  slightly  larger  tank  (sufficient  to  fill  the  filter-box  with  the 
unloaded  frames  in  place)  with  a  Butters  filter.  Compare  this 
arrangement  with  the  charge  system,  in  which  the  storage-tank, 
even  with  continuous  filters,  must  have  at  least  a  capacity  equal 
to  that  of  an  agitator,  and  with  either  the  Moore  or  the  But- 
ters filter  must  have  a  slightly  greater  capacity,  as  is  explained 
above. 
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The  question,  What  is  the  least  number  of  tanks  which  can 
safely  be  used  in  this  manner,  can  only  be  answered  by  experi- 
ments. Even  with  the  charge  system,  the  occasion  will  rarely 
arise  in  which  it  will  be  convenient  to  use  less  than  two  tanks 
for  agitation,  and  in  such  a  case  three  smaller  tanks  with  equal 
average  treatment-capacity  will  be  so  much  smaller  that  their 
combined  cost  will  be  little,  if  any,  more  than  the  cost  of  the  two 
larger  tanks.  In  a  plant  having  air-agitation  operated  on  the 
charge  system,  it  is  rare  that  the  site  will  permit  all  transfers  of 
pulp — ^from  settler  through  agitators  and  storage-tank  to  filter — 
by  gravity.  Usually  the  saving  of  about  46  ft.,  as  shown  in 
Fig.  1,  will  practically  amount  to  the  saving  at  least  of  the  cost 
of  a  4-  or  6-in.  steel-lined  centrifugal  pump,  with  its  require- 
ment of  from  10  to  20  horse-power. 

There  are  numerous  plants  at  which  a  change  to  the  series 
method  of  treatment  could  be  made  at  slight  expense,  with  an 
increased  capacity  and  easier  work  for  the  plant-foreman.  I 
have  in  mind  a  plant  with  at  least  twenty  12-ft.  air-a^tation 
tanks,  each  of  which  is  used  as  a  settler  in  its  turn.  This 
arrangement  entails  continual  running  by  a  shift-man  and 
several  helpers.  The  result  of  installing  a  Dorr  continuous 
slime-thickener,  together  with  connections  between  all  these 
agitation-tanks,  would  be  a  revelation  and  a  revolution. 
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Professional  Ethics. 

BY  R.  W.  RAYMOND,  NEW  YORK,  N.  Y. 
(Pittsburg  Meeting,  February,  1910.) 

In  June,  1906,  I  delivered  to  the  graduating  class  of  Lehigh 
University  an  address  upon  this  subject,  the  substance  of  which, 
with  sundry  omissions  and  additions,  was  subsequently  repeated, 
in  October  of  the  same  year,  in  an  extempore  address  before  the 
Schenectady  branch  of  the  American  Institute  of  Electrical 
Engineers.  The  latter,  as  stenographically  reported,  was  pub- 
lished in  the  Proceedings  of  that  society  for  November,  1906, 
and  was  referred  to  by  President  John  Hays  Hammond  in  his 
address  at  the  Chattanooga  meeting  of  October,  1908.  Re- 
quests have  been  received  from  various  quarters  for  the  repub- 
lication of  this  address  by  the  Institute.  This  I  do  not  regard 
as  necessary  or  proper ;  but  I  yield  to  that  demand  so  far  as 
to  reproduce  in  the  JBuUetin  a  summary  of  my  views,  as  ex- 
pressed in  the  two  addresses  above  mentioned. 

I  considered  the  subject  of  professional  ethics  under  the  sev- 
eral heads  of  the  positions  likely  to  be  occupied  by  engineers — 
namely,  as  authors,  employees,  agents,  or  private  or  public 
advisers.     Under  these  heads  I  said  in  substance : 

1.  Authors. — The  author  is  party  to  an  implied  contract  with 
his  reader,  in  which  he  covenants  that  he  has  something  to  say, 
and  will  say  it  clearly,  honestly,  and  ftiUy.  He  ought,  there- 
fore, to  avoid  all  obscurities  or  ambiguities  of  style ;  "  mixed 
figures  "  of  rhetoric  (which  are  essentially  insincere,  because 
they  present  as  seen  by  him  pictures  which  could  not  possibly 
have  been  sanely  seen  by  anybody — as  when  Wendell  Phillips 
said  the  time  would  come  when  Liberty  would  "  stand  by  every 
new-born  child,  and  drop  in  its  cradle  the  school-house  and  the 
ballot-box ! ") ;  misuse  of  quotation-marks,  by  making  them 
include  anything  else  than  verbatim  quotations;  second-hand 
references  to  authorities  not  actually  verified  by  the  author,  with- 
out specific  statement  of  the  fact,  etc.     And  a  technical  author 
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ought,  in  good  faith,  to  furnish  his  reader  with  all  the  aids  to 
fiirther  detailed  inquiry  which  he  himself  possesses.  In  other 
words,  he  is  bound  to  give,  not  only  his  own  conclusions,  but 
also  such  a  statement  of  his  grounds  and  authorities  as  will 
fairly  show  the  range  of  his  own  knowledge. 

2.  Employees. — Under  this  head,  both  duty  and  policy  dic- 
tate a  loyal  devotion  to  the  interest  of  the  employer  and  a  con- 
sideration of  duties  rather  than  rights.  Even  from  a  selfish 
stand-point,  loyalty  commands  to-day  the  highest  price  in  the 
market. 

8.  Agents. — The  obligations  of  this  relation  are  as  clearly  de- 
fined by  law  as  by  personal  honor.  No  agent  may  have  secret 
personal  relations,  affecting  the  interests  of  those  for  whom  he 
is  openly  acting.  The  payment  of  commissions  to  purchasing 
agents  is  a  case  in  point.  Sometimes,  by  reason  of  trade-agree- 
ments, a  manufacturer  cannot  sell  to  a  customer  below  a  certain 
price,  yet  is  permitted  to  pay  the  agent  who  procures  the  cus- 
tomer for  him.  If  that  agent  is  at  the  same  time  the  agent 
of  the  purchaser,  he  cannot  honorably  receive  such  a  commis- 
sion without  the  knowledge  of  his  principal.  But,  if  the  rules 
of  trade  make  this  the  only  way  of  securing  a  reduction  of 
price,  he  may  accept  such  a  commission  and  turn  it  over  to 
his  employer,  in  which  case  he  should  insist  upon  receiving  it 
in  a  check  to  his  order,  and  indorse  the  said  check  to  the  order 
of  his  employer,  so  that  there  may  be  no  doubt  in  any  quarter 
as  to  the  disposition  which  he  has  made  of  it. 

4.  Private  Advisers. — ^Under  this  head,  perhaps  the  most  fre- 
quent fiinction  is  the  writing  of  letters  of  recommendation. 
Do  not  give  general  letters  of  this  kind  if  you  can  avoid  it.  A 
letter  which  the  candidate  carries  in  his  own  pocket,  and  of 
which  the  contents  are  known  to  him,  has  little  weight  the  first 
time  it  is  exhibited,  and  less  and  less  weight  as  time  goes  on ; 
and  it  becomes  dog-eared  and  dirty  through  frequent  presenta- 
tion or  pocket-wear.  Moreover,  a  letter  of  personal  recom- 
mendation is  really  a  piece  of  advice  to  an  unknown  client; 
and  it  cannot  possibly  be  made  as  clear  and  effective  as  it  ought 
to  be,  if  it  is  drawn  in  a  general  form,  without  knowledge  of 
the  particular  requirements  of  the  said  unknown  client.  Even 
for  the  benefit  of  your  best  friend,  it  is  much  better  to  give  a 
letter,  authorizing  him  to  use  your  name  as  a  reference,  and 

[2] 


PROFESSIONAL   BTHICS.  45 

promising  to  answer,  confidentially  and  fully,  any  inquiry  that 
may  be  made  of  you  concerning  him.  Such  an  inquiry  will 
come  only  from  some  party  seriously  considering  the  engage- 
ment of  the  candidate.  When  it  does  come,  it  can  be  answered 
with  intelligence  and  freedom;  and  if  the  man  is,  in  your 
opinion,  a  good  man  for  the  place,  he  will  be  ten  times  as  likely 
to  get  it,  upon  such  a  statement  from  you,  as  upon  the  strength 
of  your  vague  general  recommendation,  presented  by  himself. 
But  in  all  such  cases  it  should  be  remembered  that  the  inquirer, 
not  the  candidate,  is  your  client ;  and,  even  in  giving  the  most 
favorable  opinion,  you  should  carefully  state  the  extent  of  the 
knowledge  upon  which  it  is  based.  You  have  no  right  to  try 
to  get  a  place  for  a  friend  by  misleading  or  incomplete  advice 
to  your  client,  his  prospective  employer. 

Under  the  head  of  private  advice  falls  the  advice  given  to 
clients  as  to  investments.  Here  honor  requires,  in  the  first 
place,  that  the  client  should  not  be  deceived  as  to  your  ability 
to  deal  with  his  particular  problem.  The  numerous  instances 
in  which  scientific  experts  in  one  line  have  undertaken,  with 
disastrous  results,  to  ^ve  opinions  in  another  line,  furnish  suffi- 
cient illustration  of  this  proposition.  There  was  a  time  when 
experts  were  scarce  in  this  country,  and  a  chemist  was  regarded 
as  competent  to  pronounce  judgment  upon  a  piece  of  mining- 
ground.  But  the  situation  has  been  so  changed  that,  nowar 
days,  even  a  trained  mining  engineer  cannot  be  trusted  for  such 
a  judgment  unless,  in  addition  to  his  general  knowledge,  he 
has  also  a  special  acquaintance  with  the  nature  and  history  of 
the  particular  kind  of  mining  and  the  particular  district  con- 
cerned. One  of  the  most  eminent  mining  experts  within  my 
acquaintance  never  undertakes  to  report  upon  an  enterprise  in  a 
region  not  familiar  to  him  without  engaging,  at  his  own  ex- 
pense, a  local  expert  of  his  own  selection,  to  post  him  as  to  such 
matters  as  his  own  examination  might  miss.  (I  note  that  Mr. 
Hammond  approves  this  course.) 

I  can  recall  instances  of  really  able  and  unquestionably  honest 
mining  experts  who,  lacking  such  local  aid,  and  ignorant  of 
local  conditions  and  history,  have  reported  hundreds  of  thou- 
sands of  tons  of  ore,  on  the  strength  of  scattered  "  float "  from 
a  comparatively  small  outcrop. 

It  is  true,  that  a  thoroughly  trained  mining  engineer  should 
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be  able^  by  keen  and  faithAil  study,  to  get  at  all  the  essential 
facts  for  himself;  but  he  ought  to  be  frank  with  his  client  be- 
forehand, and  let  the  latter  clearly  understand  the  situation. 

Private  advice  is  also  dependent  upon  the  nature  of  the  ques- 
tion presented.  The  client  may  say,  "  Here  is  the  report  of  the 
owner  of  the  property.  I  have  agreed  to  buy  it,  if  his  state- 
ment be  true;  and  I  employ  you  to  verify  that  statement" 
Such  a  commission  is  entirely  honorable ;  yet  the  discharge  of 
it  is  not  altogether  agreeable  or  safe  for  him  who  performs  it. 
For  the  condition  stated  is  narrow,  and  its  honorable  fulfill- 
ment is  liable  to  serious  subsequent  misunderstanding.  K,  lor 
instance,  the  expert  should  find  that  the  representations  of  the 
vendor,  which  he  was  sent  to  verify,  were  true,  but  that  other 
and  equally  promising  mining-property  in  the  neighborhood 
could  be  bought  for  a  lower  price,  he  could  not  properly  in- 
clude in  his  report  any  reference  to  that  more  profitable  alter- 
native. Yet  his  favorable  report  as  to  the  vendor's  statement 
submitted  to  him,  might  be  construed  afterwards  as  a  recom- 
mendation of  the  purchase,  which  was  not  really  submitted  to 
him  at  all.  This  situation  occurs,  perhaps,  most  frequently 
under  the  English  system  of  organization  of  mining  companies, 
according  to  which  a  company  is  organized  on  the  basis  of  a 
vendor's  statement,  for  the  purpose  of  purchasing  a  certain 
mining-property,  provided  that  statement  be  indorsed  as  cor- 
rect by  a  competent  expert,  selected  to  represent  the  company. 
Upon  the  report  of  that  expert,  the  existence  of  the  company 
itself,  and  all  the  profits  of  its  promotors,  depend ;  and  it  would 
be,  of  course,  unprofessional  for  him  to  declare  that,  while  the 
representations  of  the  vendor  were  true,  he  had  heard  of  an- 
other investment,  which  he  thought  was  better ! 

For  the  mining  expert  himself,  it  is  highly  desirable  to  insist, 
if  practicable,  upon  a  wider  authority,  permitting  him,  not  only 
to  verify  the  vendor's  report,  but  also  to  advise  as  to  the  pur- 
chase itself.  Either  duty,  I  think,  may  be  honorably  under- 
taken ;  but  in  the  former  case,  the  expert  should  take  care  that 
his  task  and  responsibility  are  clearly  expressed,  especially  if 
his  report  is  likely  to  be  published  afterwards,  and  thus  con- 
verted from  private  to  public  advice. 

5.  Public  Advisers, — Under  this  head  fall  the  expert  reports 
which  are  published  in  the  prospectuses  of  mining  companies, 
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and  the  testimony  of  experts  in  court.  Under  the  first  head,  I 
have  only  to  say :  (1)  That  an  expert  has  the  right  to  insist 
that  his  report  should  not  be  garbled,  by  fragmentary  publica- 
tion or  otherwise,  so  as  to  support  a  scheme  which  it  did  not 
contemplate  or  approve  ;  and  (2)  that  his  protest  against  such 
misuse  of  his  statements  should  be  made  promptly.  As  I  said 
to  the  Electrical  Engineers,  "  Don't  come  limping  in,  after  a 
scheme  has  failed,  to  protest  that  you  never  meant  to  approve 
it  in  all  respects.     Speak  quick,  or  shut  up !" 

Among  public  advisers  are  those  who  appear  as  expert  wit- 
nesses in  court.  The  difierence  between  an  expert  witness  and 
an  ordinary  witness  is,  that  the  former  is  expected,  while  the 
latter  is  forbidden,  to  give  his  opinions,  and  to  state,  among  the 
grounds  of  those  opinions,  the  fiacts  and  conclusions  reported 
by  others,  as  well  as  those  personally  verified  by  himself  The 
expert's  position  is,  that  he  has  been  -  called,  as  amicus  curixB 
— a  disinterested  "friend  of  the  Court" — ^to  assist  judge  and 
jury  in  the  interpretation  of  the  evidence,  a  part  of  which  may 
be  his  own  testimony  as  to  facts  observed  by  himself.  But  as 
to  his  statement,  whether  of  such  facts  or  of  his  opinions,  the  . 
expert  should  not  forget  that  he  has  sworn  to  state  the  truth 
fiilly  and  only.  It  has  often  been  urged  that  experts  should  be 
employed  by  the  Court,  and  not  by  either  party.  This  plausible 
notion  involves  the  selection  of  such  expert  advisers  without 
knowledge  of  their  theoretical  views.  I  have  had  some  expe- 
rience of  the  practical  working  of  that  plan ;  and  I  can  testify 
that  it  results  in  opinions,  usually  voluminous  and  vague,  which 
need  further  expert  interpretation  before  they  can  become  use- 
ful guides  to  judge  or  jury.  Moreover,  the  Court  may  inno- 
cently select  an  expert  who  is  a  partisan  of  a  particular  scien- 
tific theory.  On  the  whole,  therefore,  I  am  thoroughly  con- 
vinced that  our  present  American  system,  under  which  expert 
witnesses  are  presented  by  each  party,  to  be  cross-examined  by 
the  other  party,  is,  with  all  its  inconveniences  and  costs,  best 
adapted  to  elucidate  the  truth  and  promote  the  ends  of  justice. 
It  must  be  confessed  that,  under  that  system,  the  expert  witness 
becomes  an  advocate ;  for  neither  party  in  a  law-suit  would 
produce  such  a  witness  without  knowing  beforehand  that  his 
opinions  were  favorable  to  its  contention.  Yet  it  still  remains 
true  that  the  expert  witness  is,  after  all,  a  sworn  adviser  of  the 
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Court.     Under  these  circumstances,  what  is  his  professional 
duty  ? 

I  have  answered  this  question  by  declaring : 

a.  That  no  expert  can  honorably  serve  in  such  a  capacity, 
without  having  previously  made  sure,  for  himself  and  his  clients, 
that  he  can  honestly  defend  their  contention. 

b.  That  if,  after  having,  on  a  preliminary  retainer,  studied 
the  case,  he  cannot  do  this,  he  should  decline  to  appear  as  a 
witness  in  court,  either  for  that  side  or  the  other. 

c.  That  his  preliminary  study  of  the  case  should  be  so  thor- 
ough  as  to  warrant  him  in  propounding  and  defending  in  court 
hie  expert  theory.  He  may  fairly  appear  as  a  partisan  of  that 
theory,  though  not  of  the  party  aided  by  it.  And,  in  defend- 
ing his  view,  he  is  still  under  oath,  and  must  not  shrink  from 
the  candid  acknowledgment  of  new  evidence  presented  by  the 
other  side,  not  previously  known  to  him,  or  deal  with  such  evi- 
dence evasively  or  controversially,  for  the  purpose  of  protecting 
his  own  reputation.  He  is  justified  in  saying  that  he  has  made 
up  his  deliberate  opinion  upon  all  the  facts  observable  or  ascer- 
tainable by  him,  and  cannot  change  it  upon  the  presentation  of 
new  evidence  which  he  has  had  no  opportunity  to  test  and 
weigh. 

Above  all,  the  expert  witness  should  not  try  to  be  smart  or 
witty  under  cross-examination.  In  such  an  encounter  his  hands 
are  tied ;  for  he  is  under  oath,  while  the  inquiries  and  insinua- 
tions of  his  antagonist  are  unrestrained. 

The  best  expert  witness  I  ever  heard  courteously  assumed 
that  the  cross-examining  attorney  was  sincerely  in  quest  of 
information,  and  gave  it  to  him  with  fraternal  and  pedagogical 
cordiality  which  simply  paralyzed  his  attack !  I  have  seen  many 
a  witness  beat  a  lawyer  in  repartee,  and  lose  the  case  for  his 
client ;  and  I  have  seen  many  an  honest  witness  confused  and 
embarrassed  under  cross-examination — ^but  the  jury  saw  it  also, 
and  gave  the  verdict  to  his  side  ! 

It  frequently  happens  that  an  expert  is  required  to  answer 
categorically,  "  Yes "  or  "  No,"  a  question  which  cannot  be 
thus  answered  without  giving  place  to  unjust  misconstruction. 
In  such  a  situation,  the  expert  witness  should  not "  fence  "  or 
"  dodge  "  (thereby  giving  the  impression  that  he  is  afraid  of  the 
inquiry),  but  simply  give  the  categorical  answer  required,  and 
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then  ask  the  privilege  of  further  explanation.  This  the  Court 
will  always  grant,  to  his  complete  protection  and  the  discom- 
fiture of  the  ingenious  cross-examiner. 

It  happens  sometimes,  especially  in  mining  law-suits,  that  an 
expert  who  has  expressed  in  court  a  certain  opinion  is  forced 
by  later  developments  to  change  it.  For  instance,  he  may  have 
testified  to  the  separate  occurrence  of  two  lodes,  while  deeper 
mining  has  afterwards  shown  that  these  two,  uniting,  have 
become  one — with  lamentable  and  disastrous  results,  perhaps, 
to  conflicting  claims  of  ownership  under  the  U.  S.  laws.  Now, 
such  changes  of  opinion  upon  later  evidence  are  very  common 
and  perfectly  honorable.  And  an  expert  who  has  once  honestly 
advocated  in  court  a  given  opinion  has  a  perfect  right  to  re- 
tract that  opinion  afterwards.  But  if  he  be  wise,  he  will  not 
announce  that  change  as  an  expert  under  fee,  in  another  law- 
suit Let  him  state  it  in  a  technical  essay  or  lecture,  if  he 
thinks  it  worth  publishing — ^but  not  before  a  jury,  to  which  it 
would  have  to  be  explained  in  connection  with  the  unpleasant 
circumstance  that  both  the  erroneous  first  opinion  and  its  later 
correction  have  been  paid  for.  Moreover,  an  expert  offering 
such  an  explanation  in  court  will  be  forced  either  to  confess 
that  he  came  to  a  wrong  conclusion  the  first  time,  or  else  to 
assert  that  his  opinion  was  correct  then,  but  has  been  changed 
by  later  evidence — ^in  other  words,  that  he  might  change  it 
again  upon  further  evidence.  Such  declarations  will  inevitably 
have  an  unfavorable  immediate  effect  upon  the  case  of  his 
client,  and  a  permanent  effect  upon  his  own  reputation.  This 
does  not  apply  with  equal  force  to  a  changed  opinion  which  has 
been  already  publicly  declared  elsewhere.  Yet,  even  in  that 
case,  it  is  not  advisable  to  appear  in  court  as  an  expert  contra^ 
dieting  one's  former  testimony.  To  give  voluntary  expert 
testimony  against  one's  former  clients  is,  of  course,  dishonor- 
able. But  when  this  consideration  is  not  involved,  an  un- 
necessary recantation,  under  oath  and  fee,  is  still  inadvisable. 
In  view  of  my  former  statement  that  the  expert  witness  is  a 
partisan,  not  for  a  side^  but  for  an  honest  opinion^  it  might  fairly 
be  said  that  his  opinion  is  really  his  client,  and  that  if  it  has 
been  overthrown  he  had  better  not  become  the  partisan  of  an- 
other opinion  before  a  judge  and  jury. 

6.   The  Advantage  of  Frank  Publicity, — ^I  concluded  my  address 
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to  the  Electrical  Engineers  with  the  following  paragraphs, 
which  I  take  the  liberty  of  quoting  here,  since  I  have  no  desire 
to  modify  them : 

In  conclusion,  is  there  not  some  handy  rule  which  would  help  us  in  every  case  of 
douht?  The  Qolden  Rule  and  the  Ten  Commandments  we  all  want  to  keep ;  but 
they  cannot  always  be  applied  in  haste  or  with  certainty.  Let  me  suggest  some- 
thing practical,  which  has  religion  in  it,  but  not  enough  to  hurt  or  scare  you. 
*'  Do  not  do  what  you  cannot  tell;"  or,  at  least,  if  there  be  good  reason  for  not  tell- 
ing, ''  Do  not  do  what  you  could  not  tell  without  shame."  If  it  is  a  question, 
whether  you  should  take  a  commission  or  whether  your  employer  should  have  it, 
ask  him  ;  and  then  there  is  no  trouble.  If  it  is  a  question  of  practice,  doubtful  as 
to  ethics,  see  how  it  would  look  iu  print. 

Lately  there  has  been  a  reign  of  hysteria  in  ethics,  and  it  has  gone  too  far,  no 
doubt  Nevertheless,  without  deciding  whether  this,  that  or  the  other  thing  was 
wrong,  and  while  still  believing  in  my  own  mind  that  many  honorable  men  are 
being  persecuted  for  having  done  things  which  only  a  short  time  ago  all  the  world 
was  doing,  without  such  criticism,  I  may  draw  out  of  all  this  the  one  pervading 
moral.  How  many  of  these  things,  if  they  had  been  done  openly,  would  not  plague 
the  doers  now  !  Here  is  a  railroad  company,  formed,  after  the  American  fashion, 
to  drive  its  tracks  through  the  wilderness,  building  cities  as  it  went.  And  (horri- 
ble to  relate !)  it  gave  rebates  to  men  who  would  help  to  build  such  cities.  If  the 
company  had  come  out  and  said  so,  no  one  could  have  found  fault  justly.  But  it 
gave  rebates  and  said  nothing  about  it  In  like  manner,  for  many  another  thing, 
sometimes  necessary,  sometimes  even  wise,  some  hitherto  reputable  person  or  com- 
pany has  been  made  disreputable ;  and  the  real  trouble  is  that  the  people  who  did 
it  kept  it  secret 

There  is  another  point  about  this  matter  of  secrecy.  When  you  keep  a  thing 
secret  you  are  not  very  likely  to  make  a  complete  record  of  it.  Now,  there  is 
nothing  more  foolish  than  not  to  keep  your  record  perfectly  clear.  It  is  most 
humiliating  to  a  man  to  be,  after  30  years  or  so,  unable  to  explain  some  particular 
payment  which  he  knows  was  honestly  made,  simply  because  the  stubs  in  his 
check-book  do  not  tell  the  particulars.  Keep  your  memorandum-books  up  to  date 
and  in  good  order,  so  that  any  one  can  see  them.  If  you  are  ordered  to  do  a  thing 
which  you  do  not  approve,  get  the  whole  thing  in  writing,  and  make  your  record 
clear.  We  have  been  told  upon  the  highest  authority  that  men  love  darkness 
better  than  light  when  their  deeds  are  evil.  If  you  are  not  of  such,  why  not  walk 
in  the  light? 
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The  Cyaniding  of  Silver-Ores  in  Mexico. 

6T  ALBERT  F.  J.  BORDEAUX,  THONON-LES* BAINS,  FRANCE. 

(Spokane  Meeting,  September,  1909.) 

This  paper  briefly  describes  the  general  outliDe  of  cyaniding 
silver-ores  in  Mexico,  with  special  reference  to  personal  experi- 
ments made  in  the  Temascaltepec  district. 

The  most  important  papers  on  the  subject  deal  with  cyanid- 
ing gold-silver-ores,  the  gold  predominating  in  value,  so  that 
the  treatment  is  nearly  the  same  as  for  gold-ores,  the  losses  of 
silver  being  considered  of  little  importance.  I  describe  here 
the  treatment  of  silver-gold-ores  containing  very  little  gold, 
which  is  more  general  in  Mexico  than  elsewhere. 

The  cyanide  treatment,  which  was  so  successfully  applied 
to  gold-ores,  did  not  succeed  immediately  with  silver-ores  on 
account  of  their  varying  composition.  Gold  occurs  in  nature 
usually  in  the  native  state,  while  silver  occurs  generally  in 
combination  with  sulphur  (argentite),  and  various  combina- 
tions of  sulphur,  antimony,  and  arsenic. 

In  former  times  there  was  a  complete  difference  in  the  treat- 
ment of  gold-ores  and  silver-ores.  Amalgamation,  which  was 
successful  with  gold-ores,  was  generally  inadequate  with  silver- 
ores.  The  usual  treatment  in  Mexico  for  silver  was  the  patio 
process,  the  theory  of  which  was  satisfactorily  explained  only 
quite  recently  by  Mr.  Ortega  and  others. 

General  Outline  of  the  Cyanide  Treatment. 

The  general  tendency  of  the  present  practice  is  to  slime  the 
silver-ore  as  much  as  possible,  and  in  order  to  obtain  a  higher 
efliciency,  with  less  loss  of  cyanide,  and  greater  speed,  the 
following  lines  are  observed  : 

1.  Crushing  by  stamps  with  30-  or  40-mesh  screens,  then 
crushing  by  Huntington  or  Chilean  mills,  through  60-  or  80- 
mesh  screens. 

2.  Concentration  upon  vanners. 
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3.  Separation  of  sands  and  slimes  with  spiizkasten  or  cones. 

4.  Sliming  in  tube-mills  to  100-  or  120-mesh  screens,  or  even 
to  150-mesh,  then  separation  again  by  cones  for  either  treating 
the  sands  separately  or  recrushing  them  in  tube-mills  for  all- 
sliming. 

5.  Treatment  of  the  sands,  if  isolated,  in  filter-tanks. 

The  slimes  can  be  treated  only  by  decantation;  the  new  Butters 

slime-filter,  as  used  in  Nevada,  does  not  seem  to  be  successful 

with  silver-ores.     An  "all-sliming"  plant  requires  less  outlay 

of  capital,  and  less  daily  expense,  because  it  does  away  with 

a  second,  and  sometimes  a  third,  treatment  required  for  the 

sands. 

Operations. 

Crushing, — Crushing  in  solution  can  be  done  only  with  gold- 
ores,  as,  for  instance,  at  El  Oro,  Dos  Bstrellas,  etc.  With  silver- 
ores  containing  very  little  gold  crushing  in  water  is  impera- 
tive, as  there  would  be  some  heavy  losses  of  solution  in  running 
the  pulp  to  the  concentrating-tables,  pumps,  tube-mills,  etc. 
The  problem  is  to  determine  the  best  proportion  of  slimes 
and  sands  to  be  obtained,  considering  different  factors,  such  as 
the  cyanide-expense,  the  length  and  simplicity  of  treatment, 
and  the  highest  extraction.  A  comparison  of  the  various 
systems  used  in  Mexico,  leads  to  the  conclusion  that  the 
evidence  tends  to  favor  the  all-sliming  treatment. 

The  best  mill  for  sliming  is  the  tube-mill.  In  order  to  use 
it  at  its  full  capacity,  the  general  practice  is  to  feed  sands 
alone,  which  have  first  been  separated  from  the  slimes  in  a 
series  of  separating-cones. 

Cone-Separators, — These  cones  are  used  instead  of  spitzkasien^ 
because  of  easier  construction  and  more  rapid  action.  The 
separators,  made  of  galvanized  iron,  are  open  in  the  lower  part, 
and  have  an  outer  rim  on  the  upper  part.  The  inner  part  is 
a  cylinder  of  the  same  sheet-iron,  reaching  nearly  to  the  bottom. 
The  upper  diameter  of  the  cone  varies  from  1  to  1.8  m.,  and  the 
height  is  from  1  to  1.5  m.  The  pulp  flows  on  top  of  the  cylin- 
der and  falls  to  the  bottom  by  gravity,  the  speed  of  the  flow 
being  regulated  with  a  valve.  The  average  product,  with  pulp 
from  a  60-  or  80-mesh  screen,  is  about  45  per  cent,  of  sand  and 
55  of  slime.  The  slime  can  be  sent  to  a  second  set  of  cones 
for  a  more  complete  separation  if  desired. 
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Tube-Mills. — The  construction  of  the  tube-mill  is  so  well 
known  as  to  require  no  description  here.  The  following  notes 
are  taken  mainly  from  operations  made  at  a  40-ton  plant  at 
Temascaltepec,  State  of  Mexico,  during  a  run  of  four  months. 
Additional  data  are  taken  from  Dos  Estrellas  and  other  plants. 

The  tube-mill  at  Temascaltepec  was  4  m.  long,  with  an  inner 
diameter  of  1.2  m.  It  was  operated  at  from  18  to  27  rev.  per 
min.,  the  best  efficiency  being  obtained  with  18.  The  power 
at  the  start  was  50  h.p.  and  20  while  running. 

The  results,  after  three  months'  run,  were  :  Capacity  per  24 
hr.,  56  tons  of  pulp;  production  of  slime,  14  tons;  pebble- 
consumption  per  ton  crushed,  3.9  kg.  The  flint  liners  only 
began  to  wear  after  a  run  of  three  or  four  months ;  cast-iron 
liners  last  much  longer.  The  best  result  was  obtained  with 
heads  passing  the  60-mesh  screens  and  a  120-mesh  discharge- 
screen. 

For  further  sliming,  the  outlet  of  the  tube-mill  was  reduced 
to  13  cm.  by  fitting  a  pipe  and  valve  to  control  the  discharge. 
It  was  impracticable  to  reduce  this  outlet  below  13  cm.,  since 
the  tube-mill  would  then  get  filled  entirely  and  discharge 
through  the  inlet. 

From  the  tube-mills  the  pulp  is  fed  to  another  series  of  classi- 
fiers, or  cones,  in  which  the  cyanidation  is  begun.  Either  there 
is  a  special  plant  for  sand-treatment,  or  all  the  ore  is  slimed  to 
undergo  the  same  treatment. 

Cyanidation  and  Air-Agitation. 

Sand' Treatment — The  sand  flows  directly  to  the  collecting- 
tank  for  drainage,  which  lasts  from  36  to  48  hr.  This  step, 
however,  permits  the  use  of  a  much  weaker  solution,  and^ 
corresponding  economy  of  cyanide,  since  the  sand-moisture 
is  from  45  to  50  per  cent.  After  drainage,  the  sand  is  fed  to 
filter-tanks  with  a  special  filter-bottom  consisting  of  a  wooden 
lattice  frame-work,  covered  with  a  layer  of  cocoa-matting,  over 
which  is  stretched  ordinary  canvas.  The  depth  of  these  tanks 
is  from  1.2  to  1.5  m. 

The  sand  carries  about  16  per  cent,  of  moisture.  According 
to  the  acidity  of  the  ore,  caustic  lime  is  added,  amounting  to 
from  2  to  6  kg.  per  ton. 

Each  tank,  once  filled  to  three-quarters  of  its  height,  receives 
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the  weak  solution,  carrying  from  0.25  to  0.80  per  cent,  of  !ITaCN, 
generally  introduced  from  the  bottom  by  means  of  a  5-cm.  drop- 
pipe,  terminating  in  a  J.  This  operation  lasts  from  6  to  7  hr., 
then  the  charge  is  allowed  to  soak  6  hr.,  and  filtering  is  com- 
menced by  opening  the  weak-solution  discharge-valve.  From 
time  to  time,  during  two  or  three  days,  weak  solution  is  added  to 
the  top,  and  at  the  same  time  air  is  introduced  by  stopping  the 
solution  in  the  pipes,  or  more  effectually  with  special  pipes  and 
an  air-compressor.  An  abundance  of  air  is  more  necessary 
with  silver-ores  containing  very  little  gold  than  with  gold-ores 
carrying  a  little  silver. 

The  strong  solution  is  then  introduced  to  the  amount  of  from 
60  to  80  tons  of  0.75  or  0.80  per  cent,  of  NaCN  content,  which 
lasts  48  hr.  Later,  weak  solution  is  run  again  as  rapidly  as 
possible,  and  the  residue  is  ready  for  water-sluicing.  The  effi- 
ciency of  air  is  more  complete  if  a  second  treatment  can  be 
made  on  a  second  series  of  lower  tanks. 

As  the  outiay  of  capital  for  a  sand-treatment  plant  is  very 
large,  it  has  been  necessary  to  do  away  with  the  sand  or  treat 
it  together  with  the  slime.  The  new  Pachuca  system  treats 
both  sand  and  slime  together  and  avoids  the  necessity  for  a 
separation. 

The  cyanide-consumption  is  from  1.4  to  2  kg.,  and  the  zinc- 
consumption  is  450  g.,  per  ton  of  sand.  The  average  cost  of 
material  per  ton  treated  is  but  little  less  than  $1  (U.  S.),  which 
is  a  high  cost. 

Costs. — The  total  cost  of  sand-treatment,  including  freight 
charges,  in  similar  conditions  to  those  at  Temascaltepec,  is,  in 
Mexican  currency,  about  as  follows : 

Cyanide,  1.5  kg., $1.50 

Zinc, 0.30 

'    Cauflticlime, 0.12 

Lead  acetate  and  other  supplies,  .0.28 

Labor,  salaries,  freight, 1.60 

Power,  lighting,  assay-office, 0.70 

Management  and  general  expenses  (40- ton  plant) ,  0. 50 

Total, $5.00  (12.50  U.  S.) 

Although  the  freight- charges  are  in  direct  proportion  to  the 
distance  from  the  railroad,  the  mines  further  south  in  Mexico 
have  the  advantage  of  lower  labor-charges. 
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The  cost  of  the  treatment  of  the  precipitates,  including  the 
varioas  taxes  of  the  Mexican  government,  may  be  estimated  at 
from  f0.80  to  $1  (U.  S.).  In  the  central  part  of  Mexico 
crushing  costs  about  $1  per  ton,  so  the  total  cost  of  sand-treat- 
ment will  average  about  f4.50  (U.  8.). 

Slime' Treatment. — The  treatment  of  slime  during  several 
months  at  the  40-ton  plant  at  Temascaltepec  is  as  follows  : 

The  plant  was  equipped  with  (1)  three  upper  tanks,  -4.,  4.8  m. 
in  diameter  and  3  m.  deep,  for  the  water  and  the  solution ;  (2) 
five  agitation-tanks.  By  6.30  m.  in  diameter  and  4  m.  deep ;  (8) 
three  filter-tanks,  C,  4.2  m.  in  diameter  and  0.9m.  deep;  (4) 
five  lower  tanks  or  sumps,  four  of  which,  D,  were  4.80  m.  in 
diameter  and  one,  J?,  6.30  m. ;  each  was  3  m.  deep. 

As  shown  in  Pig.  1,  the  slimes  flowing  out  from  the  tube- 
mill,  tj  are  separated  in  a  cone,  and  then  raised  6  m.  vertically 
in  D,  under  pressure  from  a  compressed-air  injector,  p,  receiv- 
ing air  from  the  compressor,  m\ 

These  slimes,  averaging  350  g.  of  silver,  come  from  ores 
having  an  average  silver-content  of  594  g.,  42  per  cent,  of  which 
was  extracted  on  the  concentrating-tables. 

Prom  1,000  tons  treated,  the  recovery  by  concentration  was 
243  kg.  of  silver.  The  cyanide  extraction  was  174  kg.  of  silver, 
or  only  50  per  cent,  of  the  remainder,  but  it  is  a  well-known 
fact  that  the  losses  at  the  start  are  always  high ;  it  is  only  by 
degrees  that  the  difficulties  are  overcome. 

Table  I.  gives  a  detailed  record  of  operations  made  in  an 
agitation-tank.  Such  records,  although  far  from  perfect,  are 
interesting,  as  it  is  the  first  time  that  cyanidation  has  been  tried 
with  the  Temascaltepec  ores. 


Table  I. — MiU  Record  at  Temascaltepec. 


\ 

Strength  of 

Tank  No.  1. 

PllllTlg. 

Agitation. 
Hr. 

Solution. 

Lead 
Acetate. 

kg. 

Depth 
of  Slimes. 

Moisture. 
Per  Cent. 

Assay- 
Value  of 

Before.    After. 

Solution. 

Hr. 

I 

Meters. 

g. 

Feb.  15, 1908. 

38 

24 

0.15 

0.13 

5 

1.75 

52 

365 

8 

0.14      0.14 

•  •    •■• 

263 

•  •  •    «  ■ 

4 

0.13 

0.13 

197 

4 
4 
4 
4 

0.13 
0.13 

0.12 
0.12 

162 
145 
126 
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The  total  consumption  of  cyanide  for  1,000  tons  was  1,100  kg., 
and  of  zinc  about  460  kg.     The  high  consumption  of  cyanide 


transverse  section. 
Fig.  1.— Sumb-Tkeatmrnt  Plabt  at  Tehabcaltefec,  Mexico. 

resulted  from  the  presence  of  copper  in  some  of  the  ores  treated ; 
in  ordinary  ore  it  would  be  less  than  1  kg.  per  ton.  The  lime- 
consumption  was  from  3  to  4  kg.  per  ton. 
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As  regards  the  above  treatment  of  1,000  tons,  the  poor  effi- 
-ciency  resulted  mainly  from  the  fact  that  there  was  still  a  large 
proportion  of  sand  mixed  with  the  slime.  The  proportion  of 
slime  was  only  from  40  to  50  per  cent.,  while  at  El  Oro,  for 
instance,  after  several  years  of  experience,  about  80  per  cent, 
of  particles  can  pass  the  200-meBh  and  90  per  cent,  the  150- 
mesh  screen — material  which  can  really  be  named  slimes. 

The  assay-value  of  the  tailings  at  Temascaltepec  was  about 
150  g.  of  silver  for  slimes  averaging  300  g.  per  ton.  The  total 
extraction  of  50  per  cent,  was  very  weak  indeed,  due  to  an 
insufficient  separation  of  sand  and  slime,  to  the  presence  of 
copper  in  some  of  Temascaltepec  ores,  and  to  losses  of  solution. 

The  compressed  air  was  sent  into  the  tanks  by  means  of  rubber 
hose  and  long  iron  pipes  reaching  to  the  bottom  of  the  tanks, 
and  removed  from  place  to  place  every  10  or  15  min.  The 
agitation-tanks  are  provided  with  a  wooden  bottom  to  prevent 
the  rapid  wearing  of  the  bottom  iron  sheets ;  holes  have  been 
worn  through  in  many  instances.  After  each  period  of  agita- 
tion the  pulp  settles  during  from  5  to  8  hours. 

As  the  solution  cannot  filter  through  the  slime,  each  agita^ 
tion-tank  is  provided  with  a  decantation-pipe  and  a  floating  hose 
with  a  frame  of  wood,  by  means  of  which  the  clearest  solution 
of  the  tank  is  always  supplied  to  the  zinc-boxes.  If,  by  mis- 
take, or  neglect,  the  slimes  are  allowed  to  run  into  the  zinc-boxes, 
it  is  a  great  hindrance  to  the  clean-up.  This  condition  is  the 
weak  point  of  the  decantation ;  the  filter-tanks  are  purposely 
placed  below  the  agitation-tanks  to  prevent  mischief. 

The  agitation  by  compressed  air  has  a  double  effect, 
oxidizing  the  mineral  particles,  which  are  then  ready  to  dis- 
solve in  the  cyanide,  and  breaking  up  the  clay-balls  into  which 
the  cyanide  could  not  penetrate. 

Each  agitation-vat  is  provided  with  a  discharge-opening  on 
the  bottom.  The  pulp,  ready  for  discharge,  carrying  still 
about  50  per  cent,  of  moisture,  is  run  through  this  opening  by 
means  of  water-pipes  and  tools.  The  slimes,  falling  into  a 
masonry  ditch,  are  run  to  the  waste  by  the  water-current. 

There  are  some  improved  forms  of  tanks  better  fitted  for 
agitation  than  those  used  at  Temascaltepec.  For  instance,  the 
Palmarejo  tank,  which  has  a  conical  bottom  sloping  at  45°,  and 
is  provided  with  a  manganese-steel  centrifugal  pump,  running 
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at  a  rate  of  900  rev.  per  min.,  for  drawing  the  solation  and  pulp 
continually  and  mixing  with  them  air  admitted  through  a 
small  valve  at  the  top  of  the  pipes.  At  Guanajuato  and  else- 
where the  compressed  air  is  run  through  perforated  pipes  on 
the  bottom  of  the  tanks ;  but  most  of  the  air  runs  through  the 
holes  near  the  central  air-pipes,  while  the  furthest  holes  are 
rapidly  shut  off  by  the  slimes,  which  gives  very  irregular  re- 
sults. Mechanical  agitation,  however,  is  preferable  to  hand- 
agitation. 

An  extraction  of  from  75  to  80  per  cent  is  reported  at  Guana- 
juato by  using  double  treatment  and  filter-presses.  At  El  Oro^ 
Esperanza,  and  Dos  Estrellas  the  extraction  is  from  60  to  70 
per  cent,  of  the  silver,  but  the  most  important  value  is  gold, 
from  90  to  95  per  cent,  of  which  is  recovered. 

Combined  Treatment  of  Sand  and  Slime. 

Pachuca  is  again  famous  because  of  its  new  method  of  treats 
ing  sand  and  slime  in  the  tall  tanks  of  the  San  Francisco  milL 
The  greatest  difficulty  is  to  maintain  the  particles  of  ore  in  sus- 
pension in  the  cyanide  in  order  to  get  a  complete  extraction. 
The  first  idea  of  using  very  tall  tanks  of  comparatively  small 
diameter,  with  an  inner  cylinder  for  compressed  air,  originated 
in  New  Zealand.  Experiments  were  made  according  to  that 
idea  at  Pachuca,  with  such  a  favorable  result  that  the  San  Fran- 
cisco mill  was  erected  for  a  treatment  of  100  tons  a  day.  Five 
additional  mills  of  similar  design  have  since  been  erected  at  or 
around  Pachuca. 

Gfrothe  Tank. — The  Grothe  tanks,  Fig.  2,  are  of  steel,  4.50  m. 
in  diameter,  and  18.50  m.  high,  including  the  conical  lower  part. 
The  tank-capacity  is  180  cu.  m.,the  charge  varying  from  75  to 
100  tons.  Each  tank  has  a  cast-iron  discharge-opening  at  the 
center  of  the  bottom. 

The  air-cylinder,  kept  in  position  by  iron  legs,  is  0.45  m.  in 
diameter,  open  at  both  ends,  starting  from  0.45  m.  above  the 
bottom,  and  ending  0.45  m.  below  the  upper  rim. 

An  air-pipe,  6,  extends  along  the  axial  part  of  the  cylinder. 
The  lower  end  part  is  closed  and  rests  upon  the  bottom,  and  an 
air-valve  is  provided  at  its  inlet  into  the  cylinder  to  allow  escape 
of  air  when  the  pressure  is  over-balanced  by  the  charge. 

A  second  air-pipe,  a,  in  the  outer  part  of  the  cylinder,  is  used 
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to  keep  the  pulp  in  motion  during  the  filling  or  the  discharge 
of  the  tank.  A  third  air-pipe,  rf,  is  used  for  introducing  air, 
water,  or  cyanide  solutions. 

Affitation.. — The  treatment  consists  in  agitating  the  slimes  for 
ahout  24  hr.  with  two  or  three  times  the  weight  of  cyanide  solu- 
tion ;  then  a  rest  of  from  6  to  12  hr.  The  charge,  after  sufficient 
agitation,  with  the  addition  of  slaked  lime,  is  allowed  to  settle, 
and  the  clear  liquor  is  decanted.  The  slimes  are  then  pumped 
to  the  Butters  filter-frame  tanks  for  exhausting  the  last  traces 
of  silver-bearing  solution. 

At  the  start,  the  air-pressure  is  from  8  to  4  kg.,  but  when 
the  circulation  is  perfect,  2  or  3  kg.  is  sufficient.     The  con- 
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Fig.  2. — Outline  Sketch  op  the  Grothe  Tank. 

sumption  of  air  is  from  8  to  4  cu.  m.  per  min.  An  air-com- 
pressor of  15  h.p.  is  adequate  for  a  100-ton  plant.  The  great 
advantage  of  the  Grothe  tank  is  that  it  permits  the  combined 
treatment  of  sand  and  slime ;  an  extraction  of  80  to  85  per 
cent,  has  been  obtained  with  certain  silver-ores.  The  con- 
sumption of  cyanide  is  slightly  higher  than  with  the  slime-treat- 
ment, since  a  stronger  solution  is  necessary  for  penetrating 

the  sand. 

Ctanidation  of  the  Old  Tailings. 

There  are  vast  accumulations  of  tailings  in  various  parts  of 
Mexico,  as  at  Pachuca,  Guanajuato,  and  Zacatecas,  which  con- 
tain silver  to  the  extent  of  approximately  200  g.  per  ton,  and  the 
treatment  at  Pachuca  apparently  presents  no  special  difficulty. 
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Filtbr-Prbsses. 

For  a  total  extraction  of  the  silver-bearing  solution  still  con- 
tained in  the  slimes  after  the  usual  treatment  at  Dos  Estrellas, 
£1  Oro,  and  other  mines,  the  slimes  were  passed  through  filter- 
presses  of  large  size. 

The  pressure  is  about  10  kg.  per  sq.  cm.,  which  makes  the 
slime-cakes  quite  hard.  The  general  practice  is  to  make  two  or 
three  washes;  the  last  water  then  contains  but  a  trace  of  silver, 
but  a  single  wash  may  be  sufficient  for  obtaining  the  same 
result.  The  filter-presses  are  from  5  to  6  m.  long,  and  from 
1.20  to  1.50  m.  in  diameter,  and  contain  from  60  to  75  filters. 

Precipitation. — The  following  is  a  brief  description  of  the 
operations  at  Temascaltepec. 

Each  box  is  fitted  with  a  V-shaped  bottom,  a  discharge-open- 
ing, and  a  valve  below  it.  A  25-mesh  screen  separates  the 
zinc-shavings  from  this  bottom;  zinc-dust  is  not  now  used. 
There  are  four  rows  of  six-compartment  iron  boxes,  each  com- 
partment being  1.20  m.  long  and  0.90  m.  in  width  and  depth. 

Since  practically  all  the  precipitation  takes  place  in  the  first 
three  compartments,  the  zinc  is  successively  taken  out  and 
washed  on  a  special  wooden  box  with  a  metallic  screen  on  top. 
The  bottom  screen  of  each  compartment  is  then  taken  out,  and 
the  whole  precipitate  is  run  out  through  the  discharge- valve  on 
the  same  wooden  box  as  the  zinc-shavings.  The  metallic 
particles  of  zinc  remain  on  the  upper  screen,  while  the  pre- 
cipitates drop  in  the  box  and  the  water  is  filtered  through  the 
bottom.  A  special  filter-press  for  precipitates  gives  a  more- 
rapid  result,  but  in  a  remote  country,  and  for  doing  the  first 
cyanide  experiments,  a  wooden  box  is  all  that  is  necessary. 

The  black  precipitate  contained  from  600  to  700  kg.  of 
silver  per  ton,  according  to  the  proportion  of  slime  that  came 
through  the  filter.  The  precipitate  is  finally  dried  and  either 
shipped  or  smelted. 

Smelting. 

For  melting,  the  precipitate  is  mixed  with  18  per  cent  of 
ground  borax-glass,  from  6  to  8  per  cent,  of  calcined  soda,  and 
a  like  amount  of  sand  and  lime.  It  takes  from  3.5  to  5  hr.  to 
melt  and  pour  one  charge.  At  many  mines  the  slimes  were 
shipped  without  melting,  since  milling  is  economical  only  if 
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practiced  on  a  certain  scale.  Besides,  the  government  tax  on 
the  bullion  is  higher  than  on  the  precipitates,  which  are  con- 
sidered as  concentrates. 

Costs  and  Consumption  op  Material. 

Cost  Per  Ton. — The  consumption  of  sodium  cyanide  for  the 
treatment  of  slimes  containing  from  300  to  850  g.  of  silver  per 
ton,  sulphides,  antimonides,  and  arsenides,  does  not  run  much 
above  1  kg.  per  ton.  The  consumption  of  zinc  is  400  g.  per 
ton. 

The  following  cost-data  covers  a  period  of  three  months' 
operations  with  a  40-ton  plant.  The  prices  are  in  Mexican 
currency : 

• 

CyaDide,  1  kg., 11.00 

Zinc,  400  g.  at  10.60, a  24 

Liine,  4  to  6  kg.  at  |0.02  max., 0.12 

Sundries :  lead  acetate,  oil,  etc,       .        .        .        .0.28 

Labor  and  salaries, 1.26 

Assay-office,  power,  light, 0.70 

Management  and  general  expenses,  .  .0.50 

14.10  (12.05  U.  S.) 

Taxes, 0.90 

Crushing, 1.10 

Mining, 2.50 

Total  cost  per  ton, $6.55 

The  above  data  correspond  to  an  ore  averaging  320  g.  of 
silver  per  ton  (silver  quoted  f  0.65  an  ounce).  With  200-stamp 
batteries,  it  has  been  possible  to  reduce  the  total  cost  of  treat- 
ment per  ton  to  slightly  below  $6  under  special  conditions. 

I  have  omitted  to  say  anything  about  cyaniding  the  concen- 
trates, because  the  present  practice  is  to  ship  them  directly  on 
account  of  the  cyanide  expenses  being  high.  The  recent  prog- 
ress in  cyanidatioB  may  lead  to  the  abandonment  of  concen- 
tration of  silver-ores.  The  tendency  is  to  run  the  pulp  direct 
from  the  battery  to  tube-mills  and  the  all-sliming  plant. 

Losses  in  Gold  and  Silver. 

The  average  extraction  by  the  patio  process,  as  indicated  by 
A.  H.  Bromly,  may  be  taken  at  from  85  to  90  per  cent,  of  the 
silver,  and  nil  to  25  per  cent,  of  the  gold.     In  the  modern 
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combination  method,  in  which  the  patio  is  both  preceded  and 
followed  by  concentration,  the  extraction  may  reach  95  per 
cent,  of  the  silver  and  84  per  cent,  of  the  gold. 

In  cyanidation,  the  gold-extraction  is  from  90  to  95  per  cent 
The  loss  in  silver  depends  chiefly  upon  agitation,  and  the  ex- 
traction varies  from  60  to  85  per  cent,  with  the  all-sliming 
method  and  Fachuca  tanks. 
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SUBJECT  TO  BBVIBION. 


[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Modern  Progress  in  Mining  and  Metallurgy  in  the 

Western  United  States. 

Discufision  of  the  paper  of  D.  W.  Brunton^  presented  at  the  Spokane  meetings  Sep- 
tember, 1909,  and  published  in  BuUetin  No,  33,  September,  1909,  pp.  837 
to  855. 

William  Kent,  New  York,  N.  T.: — The  Institute  may 
congratulate  itself  on  the  opportunity  of  reading  the  splendid 
address  of  President  Brunton.  It  is  an  admirable  summary 
of  the  progress  that  has  been  made  in  the  mining  and  metal- 
lurgical arts  in  recent  years.  The  paper  rightly  gives  the  chief 
credit  for  this  progress  to  the  aid  which  has  been  rendered  to 
these  arts  by  the  advances  in  mechanics,  chemistry,  and  elec- 
tricity.  It  is  notable  that  most  of  the  headings  in  Mr.  Brunton's 
-address  refer  to  the  work  of  the  mechanical  engineer,  the  elec- 
trical engineer,  and  the  chemist,  rather  than  to  that  of  the 
specialist  in  mining-operations.  It  seems  that  the  most  suc- 
cessfiil  mining  engineer  of  the  present  day  is  the  one  who 
makes  the  most  intelligent  application  of  the  inventions  and 
designs  of  engineers  and  others  who  are  not  directly  engaged 
in  mining.  A  tabulation  of  the  headings  of  th^  address, 
grouped  as  below,  shows  this  most  clearly. 

Work  of  the  Mechanical  Engineer — Rock-drills,  hoisting- 
machinery,  tramming,  pumping,  ventilation,  dredging,  sam- 
pling, concentration,  briquetting,  fume-recovery. 

Work  of  the  Electrical  Engineer — ^Electric  machinery  for 
hoisting,  pumping,  tramming,  lighting  and  signaling,  electric 
transmission,  electric  smelting. 

Work  of  the  Chemist  and  Metallurgist — ^Explosives,  chlorina- 
tion,  cyanidation,  roasting,  lead-smelting,  and  copper-smelting. 

Work  of  the  Geologist — Economic  geology. 

Work  of  the  Mining  Engineer — Mine-mapping,  surface-min- 
ing, timbering,  tunneling;  and  planning  and  supervision  of 
the  work  in  general. 

The  mining  engineer  of  the  present  day,  who  is  in  respon- 
sible charge  of  a  large  plant,  finds  his  chief  work  not  in  doing 
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those  things  he  was  trained  to  do  as  a  specialist,  but  in  making 
use  of  the  knowledge  of  geologists,  chemists,  and  electrical  and 
mechanical  engineers.  He  mast  be  to  a  large  extent  not  onlj 
an  engineer,  but  an  economist,  a  sociologist,  and  even  a  politi- 
cian. I  am  glad  to  find  that  Mr.  Brunton  is  all  of  these.  On 
p.  843  he  touches  briefly  the  domain  of  politics :  "  While  too 
much  *  paternalism  *  is  certainly  to  be  avoided,  it  is  doubtful 
if  anything  short  of  government  regulation  and  inspection  of 
explosives,  detonators,  and  fuses  will  ever  bring  about  the  uni- 
formity necessary  to  safety."  In  this  statement  he  places  him- 
self on  the  side  of  the  wise  politicians  of  all  parties.  They  are 
all  opposed  to  "  too  much  "  paternalism  as  a  general  proposi- 
tion; everybody  is,  except  a  few  cranks,  but  we  all  favor  "just 
enough"  paternalism  when  it  relates  to  particular  cases  in 
which  we  are  interested.  Every  civilized  government  in  the 
world  is  gradually  growing  more  and  more  paternal,  and  the 
great  body  of  the  people  is  being  benefited  thereby.  It  re- 
quired the  paternal  action  of  the  United  States  government  to 
bring  about  the  "  uniformity  necessary  to  safety  "  in  couplings 
on  freight-cars,  and  it  will  require  either  State  or  national 
government  action  to  bring  similar  uniformity  in  the  use  of 
explosives.  We  may  decry  paternalism  in  general,  but  in  mat- 
ters involving  safety  to  life  and  health  of  miners  and  of  wage- 
workers  generally  we  can  scarcely  have  too  much  of  it. 

On  p.  854  Mr.  Brunton  touches  a  sociological,  if  not  political 
question.  He  says :  "  To-day  we  are  beginning  to  realize  that 
the  public  forms  a  third  party,  vitally  concerned  in  the  results  of 
the  work  in  which  mining  engineers  are  engaged."  In  this  he 
strikes  the  keynote  of  our  future  national  progress.  The  pub- 
lic is  the  great  "  third  party  "  that  is  waking  up  to  a  knowl- 
edge of  not  only  what  it  wants  but  of  its  power  to  get  what  it 
wants.  One  of  the  things  it  wants  is  a  diminution  of  the  death- 
rate  in  our  mines,  which  now  disgraces  the  United  States.  As 
Mr.  Brunton  says,  "  every  one,  no  matter  what  his  station,  has 
a  duty  to  society  and  to  his  fellow-men."  The  engineer's  duty 
is  clearly  to  do  everything  in  his  power  to  diminish  the  death-- 
rate,  not  merely  by  his  work  as  an  engineer,  but  by  his  in^ 
fluence  as  a  citizen  in  favor  of  at  least  as  much  "paternalism"" 
as  may  be  needed  to  safeguard  the  lives  of  our  workmen. 
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Charles  Catlett,  Staunton,  Va. : — ^It  is  to  be  regretted  that 
Mr.  Brunton  did  not  include  a  chapter  on  cost-keeping  and  effi- 
ciency-records. His  wide  experience  would  enable  him  to  speak 
with  equal  authority  on  these  subjects,  and  their  proper  develop- 
ment lies  at  the  basis  of  success  in  the  other  departments  on 
which  he  has  touched. 

Accounts  should  show  what  has  been  done,  what  is  being 
done,  and  what  can  be  done.  In  other  words,  they  are  a  his- 
tory of  past  and  contemporaneous  events,  and  are  prophetic 
of  events  to  come.*  Not  uncommonly,  accounts  are  con- 
fined to  recording  ancient  history,  so  far  past  as  to  be  of  little 
value  as  a  guide  to  successful  operation,  and  make  no  attempt 
to  point  out  the  causes  of  the  results  noted.  Even  in  this  form 
they  have  value  in  telling  the  owners  the  loss  or  gain  of  the 
year,  but  may  totally  fail  to  fulfill  their  higher  function  of  throw- 
ing light  on  the  true  efficiency  of  the  management  and  of  point- 
ing out  to  what  extent  the  work  can  be  improved.  A  manage- 
ment may,  by  an  unusual  occurrence  of  circumstances,  get 
results  which  are  gratifying  to  the  stockholders,  and  which  add 
to  its  reputation,  when  its  total  efficiency  is  really  very  low. 

We  will  never  have  thoroughly  satisfactory  accounts  until 
another  unit  in  addition  to  the  dollar  is  used  as  a  standard. 
The  unit  to  be  used  is  the  "  theoretically  possible,'*  and  the 
actual  results  must  be  recorded  in  percentages  of  this  possi- 
bility. These  could  be  ultimately  translated  into  the  universal 
dollar.  The  costs  in  dollars  and  cents  may  be  ignored  for 
the  time  being,  and  there  need  be  no  fear  that  the  highest  effi- 
ciency, properly  recorded  in  this  way,  will  not  also  represent 
the  maximum  profit,  if  everything  is  taken  into  consideration. 
An  astonishingly  low  cost  in  dollars  or  a  disappointing  high 
cost  in  dollars  may  not  tell  us  anything  as  to  the  true  effi- 
ciency of  the  work.  But  if  the  attention  of  the  management 
is  day  by  day  called  to  how  far  it  falls  below  the  theoretically 
possible  it  will  inevitably  lead  to  improvement. 

This  develops  another  suggestion.  The  weak  point  to-day  is 
not  apt  to  be  the  weakest  point  to-morrow,  nor  the  weak  point 
the  day  afterwards.  One  of  the  essential  functions  of  good  cost- 
keeping  is  that  it  should  point  out  continually  and  automati- 
cally the  weakest  point,  so  that  it  can  be  corrected  before  it 
becomes  chronic  and  before  it  has  cost  too  much.  A  system  of 
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accounts  which  does  this,  and  shows  at  the  same  time  how  far 
each  department  or  line  of  operation  falls  short  of  the  possible, 
is  a  system  which  immediately  encourages  efficiency. 

How  quickly  efficiency  may  be  increased  is  illustrated  by  the 
common  difficulty  of  ascertaining  what  a  plant  is  actually  doing, 
because  the  whole  force  do  better  work  while  they  know  the 
investigation  is  being  made,  even  if  there  is  not  the  slightest 
intention  to  deceive.  A  system  of  accounts  which  continually 
points  out  a  man's  more  serious  deficiencies,  and  encourages 
him  by  showing  him  promptly  where  hfe  has  improved,  and 
how  much,  has  the  efiect  of  keeping  him  up  to  a  pitch  which 
he  has  not  reached  before,  and  the  "  impossible  "  of  one  month 
becomes  the  "  possible  "  of  the  next,  and  the  normal  of  the  third. 

It  may  be  contended  that  there  is  no  fixed  standard  for  the 
**  theoretically  possible  "  in  any  department,  and  that  it  can 
be  determined  only  by  investigation  and  experiment,  and  that 
it  is  different  at  different  times.  It  is  true ;  but  the  mere  in- 
vestigation and  experiment  to  determine  the  "  possible  "  at  any 
particular  period  must  increase  the  efficiency.  Prom  the  per- 
centage stand-point  it  makes  little  difference  if  the  standard 
varies.  The  main  question  at  any  period  is  whether  the  effi- 
ciency is  50,  or  75,  or  90  per  cent,  of  the  possible. 

It  may  also  be  contended  that  it  is  possible  for  a  manager 
to  fix  on  such  a  low  standard  as  to  make  his  record  for  effi- 
ciency higher.  Of  course  it  is,  and  it  is  possible  for  him  to 
falsify  his  accounts,  and  one  is  about  as  likely  as  the  other.  The 
good  men,  and  they  carry  the  day  in  the  end,  know  that  they 
are  doing  honest,  careful,  conscientious  work,  and  they  will 
want  to  know  the  truth  as  nearly  as  possible.  They  will  want 
to  know  what  will  help  them,  and  are  perfectly  willing  to  stand 
on  their  records,  and  only  want  the  facts  in  such  form  that  they 
may  be  protected  from  improper  criticism,  which  is  certainly 
not  true  with  the  present  method. 

The  market-values  of  railroad  stocks  have  not  decreased 
since  uniform  accounting  has  been  required ;  rather  the  con- 
trary. Neither  would  mining  companies  suffer  by  reason  of 
uniform  accounting.  Nothing  could  be  of  greater  service  than 
a  system  of  accounting  which  would  carry  the  sanction  of  Mr. 
Brunton's  approval,  and  which  would  be  accepted,  at  least  by 
all  new  mining  companies,  as  a  standard  to  follow,  until  gradu- 
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ally  it  would  be  universally  adopted.  Then  the  engineer  who 
had  to  examine  into  a  company  would  have  a  reasonable  expec- 
tation of  ascertaining  within  a  moderate  time  those  things  which 
it  ought  to  be  the  function  of  accounts  to  reveal. 

Walter  O.  Snblling,  Pittsburg,  Pa.  (This  discussion  is 
approved  by  the  Director  of  the  U.  S.  Geological  Survey) : — 
Mr.  Brunton  has  succeeded  admirably,  in  his  discussion  of 
recent  progress  in  mining  and  metallurgy,  not  only  in  call- 
ing attention  to  the  advances  which  have  been  made,  but  also 
to  those  directions  in  which  the  need  for  further  improvement 
is  most  urgent.  Particularly  in  his  brief  references  to  explo- 
sives he  has  touched  many  salient  points,  and  as  it  happens 
that  the  U.  8.  government  is  already,  through  the  Techno- 
logic Branch  of  the  U.  S.  Geological  Survey,  making  investi- 
gations along  some  of  the  lines  which  are  mentioned,  I  believe 
a  brief  description  of  the  work  being  carried  on,  and  a  state- 
ment of  some  of  the  results  already  accomplished,  will  be  of 
interest. 

In  May,  1908,  Congress  authorized  the  establishment  of  a 
Btation  for  the  investigation  of  accidents  in  coal-mines,  and  the 
work  was  taken  up  by  the  Technologic  Branch  of  the  U.  S. 
Geological  Survey,  under  the  direction  of  Dr.  Joseph  A. 
Holmes.  Pittsburg  was  selected  as  the  location  of  the  testing- 
gallery,  both  because  of  its  position  in  almost  the  geographic 
center  of  the  great  coal-fields  of  Pennsylvania,  Ohio,  Indiana, 
and  West  Virginia,  and  because  natural  gas  was  available  there 
which  was  of  the  same  percentage  composition  as  the  average 
fire-damp  found  in  coal-mines,  thus  enabling  tests  to  be  made 
in  the  presence  of  such  gas  mixtures  as  are  encountered  in 
actual  mining-practice. 

Even  the  most  cursory  examination  of  the  causes  of  acci- 
dents in  coal-mines  shows  that  the  improper  use  of  explosives, 
and  the  use  of  improper  explosives,  is  directly  or  indirectly  to 
blame  for  a  large  percentage  of  the  accidents  which  occur. 
Attention  is  sometimes  called  to  the  fact  that  statistics  show 
that  many  more  men  are  killed  each  year  by  falls  of  side  and 
roof  than  are  killed  as  the  direct  result  of  explosions,  and  from 
this  fact  the  conclusion  is  drawn  that  the  study  of  mine-accidents 
cannot  greatly  reduce  the  death-rate.  This  reasoning  is  most 
faulty,  for  careful  study  not  only  shows  that  the  many  accidents 
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which  are  the  direct  result  of  explosions  can  be  in  a  large 
measure  prevented,  but  also  shows  that  falls  of  roof  and  sides 
are  themselves  very  often  the  indirect  result  of  the  improper 
use  of  explosives ;  the  constant  firing  of  excessive  charges,  and 
the  firing  of  shots  "  on  the  solid,"  being  factors  of  great  impor- 
tance in  so  fissuring  and  breaking  the  surrounding  strata  as  to 
make  falls  much  more  common  than  they  would  be  if  better 
mining-methods  were  employed,  and  if,  by  undercutting  and 
by  proper  regulation  of  the  explosive  charge,  the  amount  of 
the  explosive  was  adjusted  to  the  amount  of  work  to  be  done. 
As  a  result  of  preliminary  investigations  made  with  explo- 
sives, it  was  clearly  shown  that  conditions  very  favorable  to  the 
production  of  mine-disasters  can  readily  be  brought  about  by 
certain  types  of  explosive  materials,  and  that  diflferent  explo- 
sives vary  greatly  in  regard  to  the  readiness  with  which  they 
ignite  mixtures  of  fire-damp  and  air.     Ordinary  black  blasting- 
powder,  for  example,  is  found  to  be  able  to  ignite  8  per  cent* 
mixtures  of  fire-damp  and  air,  even  when  the  quantity  of  powder 
used  is  as  little  as  25  g.     As  this  quantity,  somewhat  less  than 
an  ounce,  is,  of  course,  too  small  to  be  of  any  value  in  mining- 
operations,  it  is  evident  that  in  a  mine  in  which  explosive  mix- 
tures of  fire-damp  and  air  are  likely  to  be  encountered,  ordi- 
narily black  powder  is  unsafe  to  use.     Other  explosives  which 
were  examined  were  found  to  vary  in  regard  to  their  ability  to 
ignite  mixtures  of  fire-damp,  and  with  several  explosives  many 
charges  of  1,000  g.  (somewhat  over  2  lb.)  have  been  fired  with- 
out causing  any  ignition  of  the  mixture  of  fire-damp  and  air. 
As  soon  as  the  preliminary  tests  had  clearly  shown  the  direc- 
tions which  the  investigation  of  explosives  must  follow,  a  sys- 
tematic series  of  tests  were  devised,  intended  to  show  the  relar 
tive  safety  of  all  mining-explosives  in  the  presence  of  such 
unfavorable  conditions  of  gas  and  coal-dust  as  might  be  encoun- 
tered in  mines.     In  a  testing-gallery,  100  ft.  long,  varying 
charges  of  each  explosive  are  fired  in  the  presence  of  mixtures 
of  fire-damp  and  air,  and  mixtures  of  coal-dust  and  air,  until 
the  properties  of  each  explosive  in  regard  to  the  ignition  of  ex- 
plosive mixtures  are  determined.     By  means  of  suitably  con- 
structed gauges,  the  volume  of  the  gases,  and  the  pressure  pro- 
duced, by  the  charges  of  each  explosive  are  measured.     The 
length  and  the  duration  of  the  flame  produced  by  the  explo- 
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eive  are  also  registered  upon  a  photographic  film,  and  the 
rate  of  detonation,  the  heat  evolved,  and  other  physical  and 
chemical  qualities  of  the  explosive  are  determined. 

These  investigations  have  shown  that  some  explosives  will 
ignite  mixtures  of  gas  and  air  more  readily  than  they  will 
ignite  mixtures  of  coal-dust  and  air,  while  other  explosives  are 
more  sensitive  in  regard  to  mixtures  of  coal-dust,  and  accord- 
ingly the  standard  tests  have  been  arranged  to  show  the  relative 
safety  of  the  different  explosives  when  fired  in  mixtures  of 
coal-dust  and  air,  as  well  as  in  mixtures  of  fire-damp  and  air. 
Those  explosives  which  pass  all  of  the  required  tests  are  placed 
upon  the  "  permissible  "  list,  and  it  is  a  most  gratifying  fact  that 
American  manufacturers  have  already  produced  29  explosives 
which  have  been  found  suitable  to  be  so  classified. 

President  Brunton  refers  to  irregularities  in  composition  of 
explosives  as  a  possible  cause  of  mine-accidents,  and  it  is  un- 
questionably true  that  any  variation  in  the  composition  of  an 
explosive,  tending  either  to  increase  or  decrease  its  strength  or 
to  change  its  properties  in  any  way,  may  very  readily  be  the 
<^ause  of  a  mine-disaster.  The  miner  gets  a  certain  familiarity 
with  the  proper  way  to  use  the  explosive,  the  proper  charge  to 
use,  and  the  best  manner  of  placing  the  hole ;  and  when  a 
change  in  the  composition  of  the  explosive  is  made,  even  though 
he  loads  the  hole  in  exactly  the  same  manner  and  with  exactly 
the  same  charge,  he  may  nevertheless  obtain  a  blown-out  shot. 

To  avoid  this  danger,  one  of  the  conditions  required  of  an 
explosive,  in  order  that  it  should  remain  upon  the  '<  permissi- 
ble "  list,  is  that  no  changes  should  be  made  in  its  chemical  or 
physical  nature,  which  in  any  way  might  alter  its  properties  in 
regard  to  the  ignition  of  explosive  mixtures  of  fire-damp  or 
coal-dust.  Every  explosive  submitted  for  test  by  the  Geological 
Survey  is  first  subjected  to  careftil  chemical  analysis,  and  such 
physical  tests  are  also  made  as  will  establish  its  density,  manner 
of  packing,  etc.  If  the  explosive  is  found  to  answer  all  of  the 
tests  required,  and  is  admitted  to  the  "  permissible  "  list,  further 
samples  of  the  explosive  are  taken  from  time  to  time  from  mines 
in  which  the  explosive  is  being  used,  and  these  samples  are 
transmitted  to  the  explosives  laboratory  for  analysis.  As  the 
samples  are  taken  without  previous  notice,  and  from  mines 
•where  the  explosive  is  in  use,  any  variation  in  the  composition 
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of  the  explosive,  or  in  its  method  of  preparation  or  packing, 
which  might  alter  its  qualities  in  regard  to  the  ignition  of  fire- 
damp, would  be  at  once  noted  by  the  chemist  If  such  change 
in  the  chemical  composition  or  the  physical  characteristics  of 
any  explosive  occurs,  the  explosive  is  re-tested  in  the  gallery, 
and  does  not  remain  upon  the  ^^  permissible  "  list,  unless  the 
tests  made  show  that  the  changes  made  in  its  manufacture  have 
not  altered  its  relative  safety  in  the  presence  of  mixtures  of  fire- 
damp and  coal-dust. 

As  a  result  it  is  safe  to  say  that  the  explosives  which  are  on 
the  "  permissible  "  list  will  be  found  to  be  of  uniform  quality, 
and  any  variation  of  as  much  as  1  per  cent,  would  be  at  once 
noted  at  the  laboratory.  I  do  not  mean  that  a  variation  of  1 
per  cent,  would  necessarily  require  an  explosive  upon  the  "  per- 
missible "  list  to  be  again  subjected  to  test,  for  there  are  many 
constituents  in  explosives  which,in  different  mixes,  vary  slightly, 
and  variations  in  these  constituents  do  not  necessarily  bring 
about  any  change  in  the  action  of  the  explosive.  But  a  varia- 
tion of  1  or  2  per  cent,  in  any  ingredient  of  an  explosive  which 
has  an  important  bearing  upon  the  question  of  its  safety  in  the 
presence  of  gas  or  dust,  would  at  once  necessitate  a  re-test  So 
far,  then,  as  the  explosives  upon  the  ^^  permissible  "  list  are  con- 
cerned, it  may  be  said  that  the  user  is  protected  against  any 
changes  in  composition  or  manufacture  which  might  vary  the 
safety  of  the  powder  in  any  way. 

It  is  recognized  by  all  users  of  explosives  that  the  successful 
use  of  any  type  of  dynamite  or  other  high  explosive  depends 
in  a  large  measure  upon  the  selection  of  a  detonator  of  the 
proper  strength.  When  too  weak  a  detonator  is  used  the  full 
strength  of  the  explosive  is  never  realized,  and  in  this  way  it 
very  often  happens  that  a  very  large  percentage  of  the  strength 
of  the  explosive  is  lost.  It  is  important,  therefore,  that  deto- 
nators should  be  so  classified  as  to  enable  the  user  to  know  at 
once  the  relative  strength  of  different  kinds. 

This  has  not  been  the  case  in  the  past,  and  different  manu- 
facturers have  selected  wholly  arbitrary  methods  of  designat- 
ing the  strengths  of  the  different  grades  which  they  manufac- 
ture ;  and  even  when  the  same  manufacturer  makes  both  electric 
detonators  and  fuse-detonators,  or  ^^  blasting-caps,''  there  has 
not  even   been  uniformity   in  regard   to  the  naming  of  the 
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strength  of  these  two  products.  For  example,  detonators  which 
are  designated  as  "6X,"  those  called  "No.  15,"  and  those 
known  as  "double  strength"  electric  detonators,  are  all  of 
practically  the  same  strength,  and  contain  almost  exactly  the 
same  charge. 

In  the  course  of  the  work  with  explosives  a  number  of  con- 
ferenees  have  been  held  between  the  members  of  the  Techno- 
logic Branch  and  the  manufacturers  of  explosives.  At  one  of 
these  conferences  the  matter  was  brought  up  of  the  advisa- 
bility of  a  uniform  system  of  nomenclature  in  regard  to  deton- 
ators. It  was  pointed  out  that  no  advantage  was  to  bb  gained 
by  the  existence  of  many  arbitrary  systems  such  as  are  at  pres- 
ent in  use,  and  that  the  users  of  explosives  would  undoubtedly 
be  greatly  benefited  by  the  adoption  of  some  standard  method 
of  naming  the  strengths  of  all  electric  and  fuse  detonators.  The 
plan  met  with  general  acceptance,  and  I  am  pleased  to  be  able 
to  say  that,  as  new  printed  matter  is  issued  by  the  different 
companies,  it  is  very  probable  that  the  new  system  of  standard 
nomenclature  will  be  followed. 

The  testing-station  at  Pittsburg  has  proceeded  with  its  work 
in  a  very  quiet  way,  and  few  people  realize  the  great  influence 
which  it  has  already  had  in  making  conditions  safer  in  coal- 
mining. I  believe  there  are  to-day  a  thousand  miners  living 
who,  but  for  the  work  of  the  testing-stations,  would  have 
come  to  their  death  in  mine-explosions  during  the  past  year. 
Although  this  statement  is  simply  an  expression  of  personal 
opinion,  it  is  not  based  entirely  on  surmise,  but  is  a  conclusion 
reached  from  personal  contact  with  the  very  conditions  that 
the  testing-station  is  studying.  Saturday  of  every  week  is 
a  "  visitor's  day  "  at  the  station,  and  many  of  the  coal  com- 
panies, both  those  near  at  hand  and  those  in  other  States, 
have  brought  their  superintendents,  mine-foremen,  and  many 
of  their  other  employees,  to  the  station  to  witness  the  tests. 
I  have  seen  these  men  as  they  have  watched  the  tests  made 
with  coal-dust  which  they  have  brought  with  them  from 
their  own  mines,  and  have  seen  the  expression  on  their  faces 
as  they  saw  the  effects  of  a  blown-out  shot  on  this  coal- 
dust  in  the  gallery.  As  they  see  the  resulting  explosion,  they 
realize  that  just  such  effects  are  possible  in  their  own  mines 
through  a  similar  charge  of  explosive,  and  they  realize  still 
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more  forcibly  the  fact  that  such  an  explosion  as  they  can  watch 
in  safety  at  the  testing-station  would  leave  no  witnesses  if  it 
took  place  within  the  colliery  at  home.  Of  coarse  all  these  men 
have  heard,  time  and  time  again,  that  a  blown-out  shot  is  dan- 
gerous, and  that  coal-dust  will  explode,  but  "  seeing  is  believ- 
ing," and  when  they  go  back  to  their  work-places  on  their 
return  from  Pittsburg,  I  can  assure  you  that  the  little  heaps  of 
coal-dust  in  the  mine  mean  more  to  them  than  ever  before. 
They  can  now  realize  the  danger  that  lies  in  those  little  hjeaps 
of  dust,  and  we  have  been  told  many  times  that  rules  made  for 
the  safefy  of  the  miners  are  never  lived  up  to  so  closely  as  they 
are  after  a  visit  has  been  made  to  the  station. 

Miners  are  often  careless,  and  it  is  generally  the  carelessness 
which  comes  from  ignorance  and  indifference.  "When  they  re- 
alize that  accidents  are  the  result  of  definite  conditions,  when 
they  see  the  ease  with  which  these  conditions  can  be  brought 
about,  and  when  they  recognize  the  fact  that  in  so  many  cases 
they  and  their  fellows  alone  are  responsible  for  similar  condi- 
tions in  their  own  mines,  they  seem  to  have  a  new  understand- 
ing ;  and  I  believe  the  vivid  image  of  the  testing-gallery  at  the 
moment  of  a  dust-explosion  is  not  soon  effiiced  from  their  mem- 
ory, nor  the  realization  of  what  such  an  explosion  in  the  mine 
would  mean  to  them  and  to  their  families. 

The  usefulness  of  explosives  to  man  can  scarcely  be  over- 
estimated, and  by  their  aid  results  can  be  attained  which,  by 
mechanical  means  alone,  would  be  difficult  or  impossible.  The 
great  engineering-works  of  to-day  are,  in  many  cases,  of  such 
magnitude  as  to  be  directly  dependent  upon  the  use  of  explo- 
sives. But  the  interests  of  the  public  in  regard  to  explosives 
are,  I  believe,  of  a  somewhat  different  nature  than  they  are  in 
regard  to  any  other  commercial  material,  with  the  exception  of 
foods  and  drugs.  When  a  man  buys  fertilizer,  for  example, 
and  the  fertilizer  is  not  of  the  proper  strength,  the  man  loses 
financially  by  the  amount  which  the  fertilizer  is  below  the  usual 
standard.  In  the  same  way  with  most  commercial  articles,  if 
these  materials  are  faulty  in  composition  or  construction,  or  im- 
paired in  strength,  the  buyer  loses  a  certain  percentage  of  the 
purchase  price  which  he  pays.  But  with  explosives,  the  case 
is  far  more  serious.  If  of  faulty  composition,  the  buyer  not 
only  loses  a  certain  portion  of  the  strength  of  the  explosive, 
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but  because  of  the  irregularities  in  composition,  he  may  even 
be  buying,  ignorantly,  a  most  dangerous  material,  which  will 
place  his  own  life,  and  the  lives  of  his  employees,  in  jeopardy. 
That  explosives  of  improper  composition  have  been  made  and 
sold,  and  are  to-day  being  made  and  sold,  there  can  be  no  ques- 
tion. It  is  well  enough  to  say  that  the  buyer  of  explosives 
should  familiarize  himself  with  their  composition,  but  I  can 
assure  you  that  this  is  a  most  difficult  matter.  The  user  of 
small  amounts  of  explosive  cannot  afford  the  high  charges 
which  are  made  for  even  the  simplest  chemical  examination, 
and  even  users  of  large  amounts  of  explosives  find  that  but 
few  chemists  are  available  whose  experience  with  this  particu- 
lar class  of  bodies  is  sufficient  to  enable  them  to  draw  proper 
conclusions.  And  so  I  cannot  fail  to  agree  with  Mr.  Brunton 
in  regard  to  his  suggestion  of  some  general  and  comprehensive 
supervision  of  explosives.  Conditions  which  allow  the  manu- 
facture and  sale,  without  the  slightest  restriction  whatever,  of 
bodies  possessing  the  properties  of  dynamite  and  nitro-glycer- 
ine,  cannot  possibly  be  for  the  general  welfare,  and  I  know  of 
no  field  which  offers  greater  need  of  proper  and  intelligent 
supervision. 

Charlbs  W.  Goodalb,  Butte,  Mont. : — The  friction-system, 
designed  for  the  recovery  of  flue-dust  from  furnace-gases, 
which  was  mentioned  by  Mr.  Brunton  as  having  been  installed 
at  Great  Falls,  has  not  been  in  use  long  enough  to  obtain  a 
knowledge  of  its  efficiency,  but  the  following  explanation  of 
the  system  will  be  of  interest. 

Screening-tests  on  the  blast-futnace  charges  of  smelting-ore, 
and  on  the  fine  concentrate  treated  in  the  McDougall  furnaces, 
show  a  high  percentage  of  fine  material,  which  would  naturally 
be  carried  into  the  flues,  and  at  a  high  velocity  of  the  furnace- 
gases  through  the  flues  a  considerable  loss  in  dust  would  in- 
evitably occur. 

Before  deciding  upon  the  friction-system,  a  flue  was  built 
800  ft.  long,  4.5  ft.  high,  and  4  ft.  wide,  through  which  the 
ftirnace-gases  could  be  drawn  in  measured  volume  and  tem- 
perature, and  at  varying  velocities.  Two  tests  were  made, 
maintaining  a  velocity  of  about  500  ft.  per  min.,  and  with  no 
obstructions  or  dust-arresters  in  the  flue.    The  amount  of  dust 
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was  determined  per  unit-volume  of  gas ;  then  similar  deter- 
minations were  made  with  baffle-plates,  Freudenberg  plates, 
numerous  contractions  and  expansions,  and  with  wires.  It 
was  found  that  the  wires  gave  nearly  as  high  an  efficiency  of 
dust-recovery  as  the  baffle-plates,  and  with  very  much  less 
frictional  resistance  to  the  passage  of  the  gases.  It  was  then 
decided  to  build  a  dust-chamber  of  such  dimensions  that  the 
fornace-gases  would  not  have  a  velocity  greater  than  500  ft 
per  min.  through  it,  and  to  fill  this  chamber  with  steel  wires. 
All  the  furnace-gases,  from  the  several  departments  are 
assembled  through  individual  flues  in  an  uptake  in  the  fur- 
nace-building. From  the  top  of  this  uptake  a  cross-take  leads 
over  the  smelter-buildings  and  tracks  to  the  dust-chamber. 
The  cross-take  is  34  ft.  wide  and  20  ft.  high.  The  main  dust- 
chamber,  rectangular  in  shape,  is  367  ft.  long,  176  ft.  wide,  21 
ft.  high.  Steel-wire  netting,  If-in.  mesh,  is  bolted  to  the  "I" 
beams  of  the  roof,  and  at  alternate  intersections  of  the  netting- 
wires,  steel  dust-arresting  wires,  No.  10  gauge,  are  hooked  on, 
weighing  about  1  lb.  each  and  reaching  nearly  to  the  floor  of 
the  chamber.  From  the  entrance  to  the  chamber,  and  for  a 
distance  of  about  150  ft.,  the  space  is  fully  occupied  by  wires, 
then  comes  a  length  of  about  50  ft.  with  no  wires,  then  150  ft, 
filled  with  wires.  In  the  vacant  space,  air-ducts,  both  from 
the  basement  and  the  roof,  are  provided,  so  that  the  tempera- 
ture from  that  point  on  can  be  reduced  and  the  condensation 
of  arsenic  eftected  on  the  wires.  The  purpose  of  this  arrange- 
ment is  to  collect,  as  far  as  possible,  the  dust  which  is  carried 
along  mechanically  by  the  furnace-gases  in  the  first  part  of  the 
chamber,  which  leaves  the  condensable  elements  to  be  recovered 
in  the  upper  part.  Experience  has  shown  that  at  or  below  the 
condensing-temperature  of  arsenic,  the  wires  become  heavily 
coated,  and  it  is  therefore  necessary  to  shake  them.  Provision 
has  been  made  for  this,  but  the  arrangement  can  hardly  be 
clearly  described  without  a  photograph  or  drawing.  The  dust- 
chamber  is  divided  longitudinally  by  a  partition-wall,  and 
dampers  placed  at  the  lower  and  upper  ends  of  the  chamber 
make  it  possible  to  deflect  all  the  gases  through  either  half 
if  it  is  so  desired.  Leading  from  the  dust-chamber  to  the 
chimney,  which  is  506  ft.  high  and  50  ft.  in  diameter  at  the 
top,  is  a  flue  1,200  ft.  long,  48  ft  wide,  and  21  ft  high. 
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In  the  floor  of  the  dust-chamber  there  are  more  than  1,000 
sheet-steel  hoppers,  arranged  in  22  lines,  and  a  complete 
system  of  tracks  enables  the  dust  to  be  drawn  from  any  hopper 
at  any  time.  The  cross-take  is  also  provided  with  hoppers, 
and  a  hopper-crane  draws  off  the  dust  and  conveys  it  to  chutes 
leading  down  into  the  bottom  of  the  uptake,  where  there  are 
hoppers  from  which  the  material  can  be  drawn  into  the  charg- 
ing-cars  for  the  reverberatory  furnaces. 

There  are  1,215,000  wires  in  the  dust-chamber,  weighing 
about  608  tons,  and  nearly  3,500  tons  of  structural  steel  in  the 
flue-system. 

Recording -thermometers  and  pressure-gauges  have  been 
placed  at  the  entrance  and  exit  of  the  dust-chamber  and  in  the 
flue  near  the  chimney,  so  that  complete  information  regarding 
conditions  will  be  available.  It  is  my  intention,  when  the 
flue-system  has  been  in  action  long  enough,  to  present  a  paper 
on  this  subject  to  the  Institute  for  publication. 

The  use  of  wires  as  dust-arresters  was  patented  in  Germany 
by  Rosing,  who  also  took  out  a  patent  for  it  in  the  United 
States  in  1890.  The  Freudenberg  plates  used  in  our  experi- 
ments were  of  sheet-iron  and  were  suspended  parallel  with  the 
direction  of  the  flow  of  the  gases. 

Ernest  Levy,  Rossland,  B.  C. : — ^Mr.  Brunton  has  kindly 
asked  me  to  give  the  meeting,  as  an  illustration  of  that  subdi- 
vision headed  "  Timbering "  of  his  extremely  interesting  ad- 
dress, a  short  account  of  the  methods  used  for  filling  excava- 
tions formed  by  ore  mined  from  large  masses. 

I  was  managing  for  a  time  a  mine  situated  on  the  largest 
known  ore-mass  in  the  world — namely,  the  San  Dionisio  lode 
of  the  Rio  Tinto  Copper  Co.,  in  the  Province  of  Huelva,  Spain. 
In  order  to  give  you  a  better  understanding  of  the  filling- 
methods  employed,  it  will  be  necessary  to  go  somewhat  into 
other  connected  matters,  as,  for  example,  some  of  the  charac- 
teristics of  the  ore-mass  and  the  scheme  of  ore-extraction. 
The  ore-mass,  which  reaches  a  length  of  about  1  km.  and  a 
maximum  width  of  220  m.,  has  been  developed  more  or  less  on 
the  levels  from  the  7th  to  the  82d,  which  are  separated  by  di&- 
tances  of  12.5  m.  The  development  has  in  general  taken  the 
form  of  4  by  4  m.  headings,  10  m.  from  center  to  center,  running 

[13] 


76      HIKING   AND   METALLURGY   IN  WBSTBBN   UNITED   STATES. 

both  with  the  length  of  the  mass  and  across  it  at  right  angles 
to  that  direction,  consequently,  the  ore  left  in  place  between 
each  two  levels  may  be  thought  of  as  a  mass  or  slice  of  min- 
eral with  a  thickness  of  8.5  m.  and  an  area  equal  to  that  of 
the  lode  at  that  horizon,  supported  on  pillars  which  are  4  m. 
high,  6  m.  square,  and  10  m.  from  center  to  center.    I  am  not 
sure  if,  on  account  of  the  huge  size  of  the  various  masses 
belonging  to  the  company,  it  was  not  originally  considered 
that  the  small  percentage  of  the  mass  thus  extracted  would 
be  sufficient  to  supply  all  demands  from  these  mines.     How- 
ever, whether  this  be  so  or  not,  I  am  of  the  opinion  that  the 
methods  to  be  later  employed  in  extracting  the  remainder  of 
the  ore  had  not  been  drawn  up.     The  method  later  decided 
upon  was  to  commence  more  thorough  extraction  by  means  of 
stopes  running  parallel  with  the  width  of  the  ore,  approximately 
100  m.  apart  and  15  m.  wide.     These  stopes  are  divided  into 
sections  of  from  80  to  40  m.,  according  to  the  width  of  the 
mass  at  the  place,  in  order  that  the  rock-filling  should  not 
have  to   be  carried  an  exorbitant  distance  from   the  stope- 
filling  shafts.     It  is  a  characteristic  of  this  mass  that  where 
the  width  is  great  the  ore  is  soft  and  heavy,  and  where  small, 
the  mineral  is  extremely  hard  and  stands  well.    Great  care  has 
to  be  exercised  when  removing  the  pillars  in  preparation  for 
stoping,  and  also  when  excavating  ground  in  the  stopes  them- 
selves, that  not  too  much  weight  has  to  be  borne  by  the  ground 
above  the  roof.    The  weight  also  becomes  more  effiBctive  when 
the  natural  fissures  in  the  ore  have  become  devoid  of  cementing 
material ;  these  then  form  a  plane  of  weakness.     Water  is  a 
notable  factor  in  effecting  weakness   along  these  planes  by 
washing  out  soluble  copper  salts  deposited  in  them  at  some 
former  period.   It  is  therefore  a  great  necessity  to  catch  up  and 
remove  from  harm's  way  all  water  which  may  be  found  run- 
ning into  the  mine,  so  that  it  can  do  no  damage.     A  complete 
system  of  surface-drainage  is  resorted  to  in  the  neighborhood 
of  the  outcrop  for  the  purpose  of  minimizing  trouble  from  this 
source. 

Timber,  being  scarce  and  expensive,  is  used  as  little  as  pos- 
sible. As  above  mentioned,  the  spaces  formed  by  removal  of 
the  ore  are  filled  with  rock  in  order  to  support  the  mass.  The 
rock  is  procured  from  the  following  places:  From  the  over- 
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harden,  hanging-,  and  foot-wall,  rocks  removed  of  necessity  in 
preparation  for  and  during  open-casting,  and  from  any  rock 
afforded  hy  underground  workings.  This  latter  source  is  only 
a  very  small  one,  since,  as  can  be  well  understood  with  such  a 
huge  and  continuous  mass,  but  l;ttle  dead  work  is  called  for. 
Naturally,  it  is  of  great  importance  that  the  rock  used  for  filling 
should  be  of  as  close  a  texture  and  as  strong  as  can  be  got,  in 
order  to  be  capable  of  supplying  as  nearly  as  possible  the  sup- 
porting quality  of  the  mineral  removed.  The  filling-rock  is 
delivered  into  the  mine  partly  through  the  main  tunnel,  which 
strikes  the  mass  on  the  tenth  level,  and  partly  through  main 
rock-shafts,  through  which  it  is  taken  to  such  levels  as  desirable. 
The  rock  is  put  down  in  mine-wagons,  in  which  it  is  distributed 
from  these  main  rock-shafts  to  interior  rock-shafts,  which  are 
large  enough  to  form  deposits  to  be  drawn  from  when  required. 
The  train-loads  are  dumped  directly  into  interior  rock-shafts. 
These  interior  rock-shafts  have  overflow-ways  at  such  levels  as 
are  decided  necessary,  and  the  rock  flows  out  on  to  a  masonry 
platform  locally  known  as  a  "  submarine,"  about  2  m.  higher 
than  the  floor  of  the  level.  The  height  of  the  submarine 
facilitates  the  shoveling  of  the  rock  direct  into  mine-wagons, 
and  thence  it  is  distributed  where  needed.  Each  stope-section 
has  an  individual  rock-shaft  leading  from  the  floor  above  to  the 
bottom  of  the  stope,  and  through  this  is  dumped  all  the  rock 
used  to  fill  that  stope-section.  Before  stoping,  all  former  exca- 
vations made,  that  is,  the  4-m.  headings,  must  be  tightly  packed, 
and  there  must  be  built  in  the  filling  main  passage-ways  formed 
of  side-walls  and  an  arched  roof  about  4  ft.  wide  by  6  ft.  high,  in 
such  positions  as  to  enable  the  ore  that  is  mined  and  rock  that 
is  to  be  used  to  be  distributed  as  required,  and  also  as  a  means 
of  ingress  to  pillars  yet  unremoved.  Places  for  man-ways  and 
stope  rock-shafts  in  the  walls  of  these  arches  are  left  where 
suitable,  with  a  view  to  aiding  future  work.  Arranging  the 
plan  for  these  arches,  etc.,  is  a  matter  which  requires  very  care- 
ful consideration,  in  order  that  the  scheme  may  be  as  effective 
as  possible.  At  those  places  where  it  is  decided  to  stope,  it 
becomes  necessary,  first,  to  fill  gradually  (if  this  has  not  already 
been  done)  the  spaces  formed  by  the  development-galleries,  in 
such  a  manner  that  the  pillars  and  those  sections  of  the  neigh- 
boring pillars  lying  within  the  confines  of  the  vertical  bound- 
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ing-planes  of  the  stope  can  be  removed.  Here  I  may  mention 
that  the  stope  is  so  arranged  that  the  center-line  corre- 
sponds with  the  line  passing  through  the  centers  of  a  string  of 
pillars  between  the  foot-  and  the  hanging-walls.  Then,  conse- 
quently, there  must  be  extracted  before  the  stope  can  be  started 
the  string  of  pillars,  together  with  the  adjacent  2.5  m.  of  the 
string  of  pillars  on  either  side.  By  degrees,  all  spaces  thus 
formed  are  filled  up  tightly  with  the  rock,  and  the  first  cut  is 
ready  to  be  taken  from  the  stope.  The  ore  is  removed  in  hori- 
zontal sections  of  about  2  m.  thick,  as  follows :  A  2  m.  wide 
drift  is  run  in  the  first  2  m.  thickness  across  the  center  of  the 
section  under  consideration,  and  parallel  to  the  length  of  the 
lode,  which  is  parallel  to  the  width  of  the  stope.  This  con- 
nects the  man-ways  and  the  rock-shafts.  The  remainder  of  the 
ore  from  this  layer  of  the  section  is  removed  in  approximately 
2  m.  wide  contiguous  drifts;  they  start  from  the  end  of  the 
preliminary  drift,  and  run  north  and  south,  or  parallel  to  the 
length  of  the  stope,  and  extend  to  the  ends  of  the  section  under 
consideration.  Before  each  of  these  secondary  parallel  drifts 
is  run,  the  roof  of  the  previous  one  is  supported  by  solid  rock- 
filling.  In  placing  the  filling,  a  sufficiently  strong  retaining- 
wall  is  first  built  at  a  convenient  distance  from  the  solid  rock, 
and  then  the  intervening  space  is  packed  tightly  with  rock 
thrown  in  behind  and  stamped  down. 

Varying  with  the  supporting-capacity  of  the  ore,  more  or 
less  ground  can  safely  be  left  open  while  being  worked ;  but, 
as  a  rule,  all  spaces  are  filled  at  the  earliest  possible  moment. 
I  think  it  will  be  understood  from  what  I  have  said  that  the 
ore  gradually  becomes  extracted  and  replaced  by  an  equal 
volume  of  rock,  and  it  is  to  be  expected  that  some  day  a  rock- 
filling  placed  by  hand  will  stand  in  place  of  a  mass  of  ore  which 
consisted  of  very  many  millions  of  tons. 

W.  L.  Saunders,  New  York,  N.  Y. : — No  one  is  more  com- 
petent to  discuss  the  subject  of  the  modern  conditions  in  mining 
and  metallurgy  than  Mr.  Brunton,  for  he  speaks  not  only  as 
one  in  authority,  but  his  experience  and  his  ability  entitle  him 
to  a  hearing  as  one  of  the  first  rank  among  mining  engineers. 
The  moral  code  set  forth  in  the  concluding  paragraph  of  his 
paper  is  worthy  to  be  placed  as  a  classic  in  the  annals  of  the 
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Institute,  and  it  should  form  the  basis  of  instruction  to  mining 
engineers  at  the  colleges. 

Under  Section  XI.,  Mine- Ventilation,  Mr.  Brunton  says: 

"  The  yentilation  and  cooling  of  metal-mines  have  not  jet  received  the  atten- 
tion which  their  importance  demands.  In  this  respect  Western  engineers  could 
take  profitable  object-lessons  from  their  brethren  in  the  coal-fields." 

The  importance  of  this  subject  can  scarcely  be  over-estimated. 
It  should  surely  be  the  province  of  the  mining  engineer  not 
only  to  excavate  material  and  treat  it  properly  and  economically, 
but  in  doing  this  he  should  study  how  to  protect  and  conserve 
the  lives  of  the  miners.  John  Mitchell's  figures  show  that  four 
times  as  many  men  are  killed  in  mines  in  the  United  States, 
in  proportion  to  the  number  of  men  employed,  as  in  any  other 
country  in  the  world.  Explosions  are  responsible  for  much  of 
this,  but  where  explosions  occur  human  life  might  be  saved, 
provided  there  is  a  complete  system  of  ventilation  in  the  mine, 
and  provided  certain  safeguards  are  employed.  For  instance, 
it  has  been  urged  by  Mr.  Mitchell  that  the  introduction  of  com- 
pressed-air pipe-lines  into  all  the  workings  of  a  mine  might  pro- 
vide fresh  air  and  even  food  to  men  imprisoned  after  explosions 
or  through  falls.  This  does  not  involve  much  expense,  as  mines 
are  usually  equipped  with  compressed-air  apparatus,  and  the 
piping  leading  into  the  mine  is  of  such  a  nature  as  to  withstand 
considerable  damage  from  the  exterior.  Furthermore,  this 
piping  at  certain  places,  as,  for  instance,  in  the  shaft,  might  be 
still  further  protected.  Telephone  wires  inserted  within  the 
air-pipe  might  also  serve  a  useful  purpose  in  saving  life. 

Under  Section  VI.,  Underground  Tramming,  Mr.  Brunton 
refers  to  the  air-  and  electric  locomotives  which  have  come  into 
general  use,  and  he  makes  the  statement,  which  no  one  can  dis- 
pute, that  each  has  its  own  field.  Following  this,  however,  the 
claim  is  made  that  "  where  the  openings  are  dry  and  the  roof 
sufficiently  high  and  firm  to  carry  the  trolley-wire  insulators, 
there  is  no  question  as  to  the  desirability  of  using  electricity." 
This  seems  to  be  a  rather  slender  hook  on  which  to  hang  the 
interests  of  the  compressed-air  locomotive.  The  members  of 
this  Institute  recently  visited  the  Anaconda  smelters,  where  we 
saw  air-locomotives  doing  useful  service  throughout  the  works. 
The  superintendent,  when  asked  why  he  used  air  in  preference 
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to  electricity,  answered,  because  it  was  better  and  cheaper. 
This  is  only  one  notable  instance  where  air  is  preferred  for 
traction  purposes.  There  are  many  others,  as,  for  instance,  the 
Homestake,  the  largest  and  richest  single  gold-mine  in  the 
world,  where  air-locomotives  do  useful  service  not  only  in  the 
yards  but  in  the  mines  themselves.  These  installations,  Ana- 
conda and  Homestake,  are  of  the  old  type ;  that  is,  the  simple 
compressed-air  locomotive.  Jifotwithstanding  this,  the  results 
are  satisfactory  and  economical.  There  is  a  new  type  of  loco- 
motive, built  by  the  H.  K.  Porter  Co.,  of  Pittsburg,  which  should 
be  able  to  add  50  per  cent  to  the  saving  in  air-economy.  This 
new  type  uses  the  natural  heat  of  the  mine  as  a  reheater  to  ex- 
pand the  air  between  the  high-  and  the  low-pressure  cylinders. 
Under  the  old  system  of  simple  compressed-air  locomotive  it 
was  frequently  true  that  the  fuel  required  to  furnish  the  power 
for  the  air-  and  the  electric  systems  was  almost  exactly  the 
same.  With  the  new  system  it  is  claimed  that  under  the  same 
conditions  the  fuel-requirements  in  air  will  be  but  two-thirds  of 
that  made  necessary  in  an  electrical  installation.  There  are 
some  conditions  where  the  electrical  installation  might  prove 
more  economical  even  than  the  compound  compressed-air  loco- 
motive. Much  depends  upon  the  load-factor.  With  a  good 
load-factor  of  from  80  to  40  per  cent,  of  the  rated  power  of  the 
engines  and  generators  furnishing  the  current,  and  with  mining- 
conditions  which  permit  operating  locomotives  at  rated  speed 
and  power,  it  should  be  possible  with  electric  locomotives  to 
obtain  efficiencies  approximating  those  found  in  connection 
with  the  operation  of  large  street-railways;  but  in  ordinary 
mining  conditions  there  is  much  starting  and  stopping,  tracks 
are  crooked  and  curves  frequent,  and  the  ordinarily  very  poor 
load-factor  results  in  an  efficiency  in  mines  even  below  that 
of  the  simple  compressed-air  locomotive. 

TY'oUey-wires  in  mines  are  always  more  or  less  a  source  of 
danger,  annoyance,  and  expense.  This  is  especially  true  in 
gold-,  silver-,  and  copper-mines,  where  many  of  the  levels  are 
operated  simultaneously,  and  where  the  output  per  level  is 
comparatively  small.  In  such  cases  it  frequently  requires  the 
services  of  several  men  and  large  quantities  of  copper-wire  and 
insulators  to  keep  the  haulage-locomotives  in  close  touch  with 
the  various  working-places.     Even  in  cases  where  the  open- 
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ings  are  dry  and  the  roof  high  and  firm,  the  trolley-wire  be- 
comes a  menace  when  there  is  a  wreck  on  the  road  or  any 
other  accident  resulting  in  a  short  circuit. 

Wherever  the  wires  are  carried  near  ore-chutes,  or  places 
which  require  occasional  or  frequent  blasting,  they  are  in  dan- 
ger of  being  ruptured  or  put  out  of  service.  Furthermore,  the 
danger  from  fire  cannot  be  over-estimated,  inflammable  material 
being  frequently  in  proximity  to  the  wires. 

The  long  entry  to  the  mine  can  obviously  best  be  equipped 
electrically,  but  in  the  various  ramifications  of  the  mine  com- 
pressed air  has  been  proved  to  be  safest  and  best. 

The  argument  that  the  air-locomotive  loses  time  in  charging 
has  some  merit,  but  observation  of  the  performance  of  the  elec- 
tric locomotive  in  mines  proves  that  the  time  lost  in  handling 
the  trolley-pole  under  ordinary  mining-conditions  is  approxi- 
mately as  great  as  that  due  to  charging  the  air-locomotive.  In 
narrow  drifts  it  is  sometimes  found  impossible  to  turn  the 
trolley-pole,  and  the  locomotive  has  to  be  run  a  considerable 
distance  with  the  trolley-pole  in  advance  of,  instead  of  trailing 
behind,  the  support.  Under  such' conditions  very  slow  speed 
and  great  caution  are  required  in  order  not  to  break  the  poles 
or  tear  down  the  taring.  Ordinarily  charging  a  compressed- 
air  locomotive  means  the  loss  of  about  a  minute  and  a  half  for 
every  4,000  ft.  of  travel. 

It  is  to  be  regretted  that  Mr.  Brunton  dwelt  so  briefly  upon 
the  subject  "  Rock-Drills,"  for  surely  this  valuable  adjunct  to 
the  miner  deserves  serious  consideration.  The  rock-drill  has 
made  the  mining  and  smelting  of  low-grade  ores  profitable. 
Development-work,  tunnel-construction,  drifting  and  stoping 
are  all  pursued  to-day  to  a  greater  extent  than  in  olden  times, 
because  the  rock-drill  has  been  perfected  to  that  stage  of  sim- 
plicity where  it  may  be  used  profitably  and  economically.  It 
is  difficult  to  find  in  the  list  of  mechanical  appliances  a  machine 
which  has  been  subject  to  greater  wear  and  tear,  or  in  the 
building  of  which  experience  is  of  more  importance,  than  the 
rock-drill.  The  design  of  a  rock-drill  is  not  by  any  means 
everything  to  be  considered  in  looking  for  the  best.  Material 
and  workmanship  are  of  the  greatest  importance,  and  the  skill 
which  can  only  come  of  experience  when  applied  in  the  con- 
struction of  this  important  mining-tool  should  surely  be  of  value 
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to  the  miner  who  is  seeking  a  reliable  machine  for  permanent 
service. 

Mr.  Bruntou  says  in  connection  with  the  rock-drill  that  '^  a 
careful  engineer  will  often  have  extreme  difficulty  in  selecting 
the  machine  best  adapted  for  a  particular  service."  In  dis- 
cussing this  point  I  am  reminded  of  the  story  told  of  an  Ameri- 
can who  was  asked  to  attend  a  dinner  in  England  and  to  make 
an  address.  He  went  fully  prepared,  but  did  not  realize  that 
English  dinners  are  long-drawn-out  affiskirs,  and  it  was  getting 
well  beyond  midnight  when  the  Chairman  announced  the 
American's  name,  and  said,  ^'  We  shall  now  have  his  address." 
He  arose  and  with  a  polite  bow  said  that  his  address  was  No. 
38  Queen  Victoria  Street  and  he  would  bid  them  all  good-night. 
My  address  is  No.  11  Broadway,  New  York,  where  I  trust  some- 
thing maj'  be  done  to  relieve  that  "extreme  difficulty"  to 
which  Mr,  Brunton  refers  in  selecting  a  rock-drill. 

Thomas  Kiddie,  Northport,  Wash.: — ^With  reference  to  the 
subject  of  the  deposition  of  flue-dust  "by  decreased  velocity," 
referred  to  by  Mr.  Brunton,  the  members  of  the  Institute  who 
visited  the  smelter  of  the  Tyee  Copper  Co.,  at  Ladysmith,  B.  C, 
in  1905,  were  shown  an  experiment  there  being  carried  out  on 
the  lines  of  decreased  velocity — first,  for  the  purpose  of  lessen- 
ing the  amount  of  cold  air  drawn  into  the  dust-chamber,  and, 
second,  for  the  better  recovery  of  the  flue-dust. 

The  draft  was  regulated  by  placing  a  damper  in  the  stack 
and  turning  it  down  until  the  furnace-gases  came  out  at  the 
doors  of  the  furnace ;  it  was  then  raised  sufficiently  to  draw  all 
the  gases  away  from  the  furnace  at  the  lowest  practicable  velo- 
city.    The  dimensions  of  the  dust-chamber  were  155  by  10  by 

8  ft. 

A  comparison  of  the  recovery  of  flue-dust  for  two  periods 
each  of  two  years  shows: 

First  period,  with  a  yelocitj  of  1,225  ft  per  min.,  gave  2.007  per  cent  of  flue- 
duBt. 

Second  period,  with  a  velocity  of  440  ft.  per  min.,  gave  3. 102  per  cent  of  flue- 
dust. 

These  results  show  that  with  decreased  velocity  there  was 
an  additional  recovery  of  54.50  per  cent.  The  value  of  the 
flue-dust  was  $14.92  per  ton. 
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A  second  plant  has  been  similarly  altered,  with  equally  satis- 
factory results.  In  this  case  there  were  smelted  copper-gold 
ores  in  which  the  gold-values  were  much  higher  than  in  the 
treatment  at  Ladysmith.  Moreover,  the  si^e  of  the  dust- 
chamber  was  much  greater — ^namely,  800  by  16  by  10  ft.  A 
comparison  of  the  recovery  for  three  years  at  high  velocity 
with  that  of  one  year  under  decreased  velocity  gives: 

Fint  period  (three  years),  with  a  velocitj  of  1>250  ft.  per  min.,  gave  2.91  per 
cent,  of  flae-dust. 

Second  period  (one  jear),  with  a  velocity  of  450  ft  per  min.,  gave  4.39  per 
cent  of  flue-dust 

The  additional  recovery  made  under  decreased  velocity  was, 
in  this  case,  50.8  per  cent.  During  the  latter  period  the 
higher  saving  in  flue-dust  was  verified  by  the  decrease  in 
metal-losses.  The  value  of  the  flue-dust  was  (30.20  per  ton. 
In  this  second  case,  the  flue-opening  from  the  dust-chamber 
into  the  stack,  situated  midway  between  the  bottom  and  top 
of  the  dust-chamber,  was  reduced  in  size  from  16  by  10  ft.  to 
2.5  by  10  ft. 
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We  examine  and  report  on  Mines  and  Mining  properties 
and  manage  Mines.  Consult  us  on  your  Milling  and  Metal- 
lui^cal  problems.  

Let  us  sample,  weight  and  assay  your  shipments  to  Atlan- 
tic Seaboard. 


See  p»ge  a  of  my  caUilogue 

ENGINEERS*   XESXING    INSTRITMENTS 

Pjrrometers,  Gas  Apparatus,  Etc. 

S.   H.  STUPAKOFF  PITTSBURG,    PA. 


/UFK/N 

Tapes  AND  Rules 

ARE  THE  BEST  IN  THE  WORLD. 

ir«h6yTHE  LUFKIN  RULE  CO, 


Advertisemmia. 


LEDOUX    &    COMPANY 

Experts  in  Metallurgy,  Mining  Engineering, 

and  Assaying. 


Office  and  Laboratory : 

99   John    Street,    New    York. 


Independent  Ore  and  Metal  Sampling  V^orks: 
New  York  and  Jersey  City. 


Our   Representatives   at   all   Refineries  and  Smelters   on 
Atlantic   Seaboard  attend   to   weighing   and 
sampling  of  consignments,  as  repre- 
sentatives of  shippers. 


BLUE  ENAMELED  PIN 


GOLD  CROSS  HAMMERS 


SEAL  FOB 


'THE  AMERICAN  INSTITUTE  OP 
^  MINING  ENGINEERS  has 
adopted  no  official  badge,  the  posses- 
sion of  which  is  proof  of  membership. 
Numerous  designs,  however,  have  been 
executed  for  temporary  use,  and  of  these 
the  three  here  shown  have  proved  so 
convenient  and  attractive  that  many 
members  continue  to  wear  them  as  per- 
sonal ornaments.  To  this  there  is  no 
objection ;  and  these  badges  will  be  sent 
postpaid  to  Members  and  Associates  on 
the  receipt  of  the  price  by  New  York 
check,  or  Postal  Money  Order,  in  favor 
of  the  Secretary,  as  follows : 

Blue  Enameled  Button,  silver,  $0.75  ;  gold,  $2.60 ; 
White  Enameled  Button  for  officers,  gold,  $2.60; 
Cross-Hammers,  gold,  $2.75 ;  Seal  Watch-Fob,  sil- 
ver-gilt,  $2.60  ;  silver,  $4.00 ;  gold,  $12  to  $20. 
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A  dvertisemerUa. 


A  Tempered  Steel  Jaw  Plate 
for  Blake  Type  Crushers 

The    Caada    Tempered 
Steel  Jaw  Plate  for  Blake 
Crushere    is    composed 
of  Forged   and   Rolled 
Chrome  Steel  Bare,  cast 
welded    and    also    me- 
chanically   interlocked 
Cauda  Tempered  Steel  Crusher  Jaw  Plate         -^^^  ^  backing  of  tOUgh 
steel — and  the  wearing  face  is  tempered  to  extreme  hardness. 
This  plate  will  give  longer  een-ice  and  prove  more  economical 
than  any  other  make  of  crusher  plate  now  on  the  market. 
We  are  equipped  to  supply  these  plates  for  all  the  different 
sizes  and  makes  of  Blake  Crushers. 

Send  for  DeaeHptive  Pamphlet. 
R  .r,-»=Bnt«!  h,  ■  P'  ^-  SpBllman.  202  Cenlory  Bldg.,  Denier,  Col. 
BepreBenled  by .  Jq_  ^  )Jy^„^  .^  ^^^j  Bldg.,  San  FrandKO,  Cal, 


MINE 

PUMPS 

JEANESVILLE  IRON  WORKS  CO. 

HAZLETON,  PA. 

MANGANESE 
SUPERIOR  STEEL  CASTINGS 

Taylor  Iron  and  Steel  Company 

HIGH  BRIDGE,  N.  J. 


Advertisements. 


Borne  of  the  moet  Interesting  Problems  In  Engineering  Science  are  those  connected 
with  the  Mechanical  Handling  of  Materials  by  means  of  Continuous  Conyeying 
Systems  for  handling  Ores,  Stone  and  Coal.  Durlns  the  past  9  years  we  have  made  a 
special  study  of  this  subject.  Durins  this  time  we  have  acquired  an  experience  and 
developed  manufSacturing  £Ekcilities  that  enable  us  to  handle  satisfactorily  problems  of 
the  largest  class  and  most  difficult  nature.  %We  publish  a  most  interesting  and  valuable 
catalog  (672  pages)  illustrating  in  a  generafway  our  various  lines  of  manufticture  and 
installations  we  have  furnished.  A  srreat  many  of  the  largest  plants  in  the  world  are 
equipped  with  our  Conveyors  and  Elevators,  among  them  oelng  the  great  plant  of  the 
Detroit  Copper  Mining  Co.,  of  Arizona  (designed  by  H.  K.  Burch,  M.  E.).  If  you  are 
interested  in  the  matter  of  Conveying  Machinery,  write  us. 

"We  are  sole  manufaotnrers  of  the  famous 
"  8- A"  Belt  Conveyors. 


STEPHENS-ADAMSON  MFG.  CO. 

Branch  OfflMi :  AURORA    ILL 

Chicago  and  New  York.         aukuka,  ill. 


TIME  IS  MORE  THAN  MONEY. 

When  you  want  to  know  exactly  where  to  find  a  certain  article  published 
in  the  TroMociums,  and  all  the  papers  relating  thereto,  of  course,  your  office 
assistant  may  look  it  up  ;  but  you  want  to  be  sure  so  you  look  it  up  yourself. 
Knowing  this  the  Institute  has  revised  all  former  annual  or  coUectiye  indexes, 
Volumes  I.  to  XXXV.  inclusive,  and  has  put  them  in  one  volume.  This  is  of 
great  benefit  not  only  to  those  who  own  complete  sets  of  the  TVafwoc^ions,  but 
also  to  those  who  do  not. 

When  you  possess  the  Index  you  can  find  at  once  what  the  7}ransaction8 
contain  on  any  given  subject,  and  can  readily  ascertain  what  the  character  of 
each  paper  is,  whether  it  can  be  obtained  in  pamphlet  form  or  where  it  can  be 
consulted  in  some  public  libraiy  near  to  you. 

To  those  who  own  complete  sets  of  the  Transaeiiomf  it  is  a  time-saver  and 
therefore  more  than  a  money-saver.     To  those  who  do  not  own  complete  sets 

it  IS 

A   PROFESSIONAL   NECESSITY. 

The  Index  contains  about  60,000  references,  all  carefully  classified  under 
headings  and  sub-headings,  with  abundant  cross-references.  The  edition  is 
strictly  limited.  The  volume  corresponds  in  size  to  the  volumes  of  the  Trans- 
actions. 

Pbicxs:  Bound  in  cloth,  $5.00  (express  prepaid). 

Bound  in  half  morocco  to  match  the  binding  of  the  2Van«z«fum«, 
$6.00  (ei^ress  prepaid). 

Orders  will  be  filled  as  received  until  the  edition  is  exhausted. 
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Adcertisemmts. 


PROFESSIONAL  CARDS 


BEATTY,  A.  CHESTER 

Consulting  Mining  EnglnMr, 
71  Broadway. 

NEW  YORK,  N.  Y. 

Cable  Address : 

Granitic. 


BRADLEY,  FRED.  W. 

Mining  EnilMer, 

Crocker  Building, 

SAN  FRANCISCO,  GAL 

Cable  Aa4rai: '« B«Mlt "  8u  Fmeiieo. 

Cod«:  Bedftrd-MoNelll. 


CHANNIN6,  J.  PARKE 


CoRgultIng  Engineer, 


42  Broadway, 


NEW  YORK. 


GAMBA,  F.  PEREIRA 

Conenlting  Mining  Engineer, 

Examinations  and  Reports  on  Mining 
Properties.  Information  on  Mines  in 
the    Republic  of  Colombia,  S.   Am. 

PASTO,  COLOMBIA,  S.  AM. 

(via  Panama  y  Tumaco) 


HAMMOND,  JOHN  HAYS, 


Consulting  Engineer, 


71  Broadway, 


NEW  YORK. 


Cods:  Bedford-McMw/L 


HANKS,  ABBOT  A. 

(Succcessor  to  Hknry  G.  Hanks) 
EstablUhed  1866. 

Chemiet  and  Aseayer, 

Gives  Special  Attention  to  the  Analyses 
of  Ores,  Minerals,  Mineral  Waters. 
Control  and  Umpire  Assays,  and  Super- 
vision of  Sampling  at  Smelters. 

4S  WaihiBgtM  St     San  Francisco,  Cal. 


VICTOR  G.  HILLS 


FRANK  G.  WILUa 


HILLS  &  WILLIS, 

Mining  Engineers, 

McPhee  Building,  DENVER,  COLO., 
and  CRIPPLE  CREEK,  COLO. 


Cable  Address :  "Hillwill 
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HAWXHURST,  ROBERT,  Jr. 

c/o  Robert  Hawxhurst, 

2907  Fillmore  Street, 

SAN  FRANCISCO,  CAL. 


IRWIN,  FREDERIC, 

Mining  Engineer, 

General  Manager  Trade  Dollar  Con- 
solidated Mining  Co., 

DEWEY,  IDAHa 


JENNINGS,  E.  P. 

Consulting  Mining  Engineer, 

607  Newhouse  Building, 

SALT  LAKE  CITY,  UTAH. 
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AcbfertisemeTits. 


PROFESSIONAL  CARDS 


Kemirtoii,  C.  W.  &  P.  B.  McCoy, 

Mining  Enflnenrt, 

42  Brttdwny, 
•  NEW  YORK. 


Mining^ 
MiUingy 
EiphraHon^ 


Oible  Addreag :  ^'M^ctM^  ITew  Forlk 
Code:  WtUm  UMon. 


SMITH  &  LAIRD, 

(FRANKUN  W.  SMITH  \ 
CBOKGB  A.  XJIIRD         ) 

ConsHiting  Mining  Engineers, 

BtSBEE,  ARIZONA. 

Bedford  McNeill  Code 
Cable  Address  *•  Dailsmirth  ** 


MAYNARD,  GEO.  W. 

Mining  and  Metallurgleal  -Engineer, 
20  NasMu  Street, 

NEW  YORK,  N.  Y. 

Code:  Bedferd- McNeill. 
Cable  Address-  Metallurgy. 
Teiq>lioiie:  1957  John. 


SPiLSBURY,  E.  6YBB0N, 

GonBiiltlng,  CItU,  mnlng 
and  MetaUnrglcal  Engineer, 


45  Broadway, 


NEW  YORK. 


Cable  Address :  *'  SpUroe,**  New  Tark, 


RICKETTS  &  BANKS, 

104  John  St.,  New  York, 

Mining,  Metailurgioal  and 

Clieniioal  Engineere, 

Examination  of  Properties.  Testing  of  Ores 
for  Best  Process  ofTreatment.  Consnltadon 
in  Mining,  Metallurgical  and  Milling  Practice. 


YEATMAN,  POPE, 

Mining  Engineer, 


165  Broadway^ 


NEW  YORK. 


Cable  Address  "/kona. 
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ALDRIDGE,  WALTER  H. 

CoDSultiDff  MiniDgand 
Metallurgical  Eni^neer 

Caaadian  Pacific  Railway    TRAIL,  B.  0. 


LEGGETT  &  HELLMANN, 

OonguiHng  Miim4ng  JEfnffinmert, 
15  Broad  St..  New  York  City. 

5x9  California  St.,     San  Francisco,  Cal. 
Salisbury  House,     London,  B.  C,  Bng. 

CtblN:  Ugnui,  H.  T.    GmIi:  IMfM-leHoB. 


BREWER,  WM.  M. 

Ccn9ulMng  Miming  Mngineer 
and  €t^oioffiMf 

P.  O.  Box  701,  VICTOBIA,  B.  0. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 


RICHARDS,  ROBERT  H. 

ih^  IfresHng 

Mateaehuaetts  Inatitute  of  Technology 

BOSTON,  MASS. 


GREENE,  FRED  T. 

Mining  Engineer, 
SilTer  Bow  CQub,        BUTTB,  MONT. 


RiORDAN,  D.  M. 

ContuMHng  JBngin^er, 

Minins  Investigations  especially  carefully 
made  tor  responsible  intending  investors. 

CHy  Investing  Bldg.,  166  Broadway,  New  York. 


KERR,  MARK  B. 

C&nauiHng  JBngineer 
MUlB  BQUdlng,  SAM  FBAHOISCO,  OAL. 

Pittsburg,  Gold  Flat  Mines  Company 


COLLEGTIYS  IUDKX  TO  THE  TRAHBACTIOHS 

OP  THB 

American  Instihite  of  Mining  Enginewi* 


See  Advertisement,  page  9. 
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Free  Public  Reference  Library 


<» 


ENGINEERING. 


American  Institute  of  Electrical  Engineers* 
American  Institute  of  Mining  Engineers* 

Society  of  Mechanical  Engineers* 


The  three  libraries  of  the  above  named  societies  have  been 
unified  and  are  now  arranged  as  one  library.  This  combinar 
tion  has  helped  to  complete  periodical  sets,  but  there  are  still 
many  serials  lacking  early  volumes  and  numbers. 

The  following  volumes  are  needed  to  complete  sets,  and  the 
Library  would  be  pleased  to  secure  them  either  by  gift,  ex- 
change or  purchase : 

American  Chemical  Journal.   Vol.  3,  Nos.  8-12 ;  1881 ;  Vol. 

4,  Nos.  1-6  5  Vol.  5,  No.  6 ;  Vol.  6,  Nos.  1-8. 
American  Gas  Lioht  Journal.    Vols.  1-11,  18,  56-68. 
American  Machinist.    Vols.  1-2, 1878-79. 
American  Society  of  Naval  Engineers.    Journal.   Vol.  I,pt8. 

1-2, 1889. 
British   Association    for    the    Advancement    of   Science. 

1889-1840,  1901-1908. 
Chemical  Engineer.     Chicago.     Vols.  1-5. 
Chemical  Society,  London.     Journal.    Vols.  1-26. 
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Deutsche  chehische  Gesellsghaft.  Berichte.  Vols.  1-6, 
1868-74. 

Foundry.     Vols.  1-22,  1892-1902. 

Gas  Engine.    New  York.    Vols.  1-2. 

Le  Genie  Civil.     Paris.     Vols.  1-23,  and  Vol.  32. 

Glasbr's  Annalbn  FiJR  Gbwerbe  und  Bauwbsbn.  Vols.  1-7, 
1865-1889. 

Industries  and  Iron.     London.     Vols.  16-17,  1894. 

Jern-Kontorbts  Annaler.     Vols.  2,  4,  13,  16,  17. 

Mining  and  Scientific  Press.  Vols.  1-9,  11-19,  1860-69; 
24-83,  1872-76. 

Neubs  Jahrbuch  fur  Minbralogie,  Geognosib,  Gbologie  und 
Pbtrepaktbnkunde.     1907,  No.  3. 

Power.    New  York.    Vols.  1-6, 1879-85. 

Practical  Engineer.    London.     Vols.  5-6,  1888-89. 

Progressive  Age.    Vols.  1-14. 

Science.    New  Series.     Vols.  1-6,  9  and  13. 

Scientific  American.    First  series.    Vols.  1  and  2,  1845-46. 

Sibley  Journal  of  Engineering,  Sibley  College,  Cornell  Uni- 
versity.   Vol.  12, 1897-98. 

Verbins  dbutscher  Ingenieur.     Zeitschrift.    Vols.  1-7. 

Zbitschrift  fur  angbwandte  C^bmie.    Vols.  1-4, 1887-91. 

Zeitschrift  fur  anorganische  Chemib.    Vols.  22,  27,  29-38. 


ADDRESS 

The  Secretary  pf 


American  Institute  of  Mining  Ejigineers, 

29  WEST  39th  STREET, 


NEW  YORK,  N.  Y. 
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Baldwin- Westinghouse 

Steel-Frame 

Mine  Locomotives 


"Outaldi"  Bt«I  Prai 


Extra- Heavy 
Motor  Equipments 

have  been  made  possible  by  the 
new  steel-hame  construction.  This 
means  increased  power  without 
increased  weight. 

We  ar«  now  prepared  to  build  all  locomotiTea 
up  to  8  tons  weisht,  with  the  new  Baldwin- 
Wcstingboiue  atefJ-mune  conBtruction. 

Address  either  Compaay  for  particulars 

BaldwiD  LocomotiTC  Works       WcstiiighoiiM  Electric  &  Mfg.  C*. 
PHIIADELPHIA,  PA.  PlITSBURG,  PA. 
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JEFFREY 

Rubber  Belt  Conveyers 

ARE    THE    MOST    EFFfCIEMT-LAST    LONGER   AND 
CO$T  LESS  FOR  UPKEEP  THAN  ANY  OTHER  MAKE 


THE  BELT  USED  is  of  4hp  best  quality  obtninnble 
for  conveying  purposes. 

THE  BELT  CARRIERS  are  strong,  accurate  and 
light  running.  They  ate  continuously  and  perfectly 
self-oiled,  and  are  so  constructed  as  to  permit  a  inini- 
mam  over  all  width  of  conveyer.  The  carrier  pulleys 
are  offset,  and  the  pulley  edges  overlap  to  prevent  the 
belt  from  cutting. 

We  are  prepared  to  quote  very  attractiie  prices  on 
equipments  for  al)  purposes. 


Complete   Coal    Mine    Equipment* 

Electric  Locomolives,  Dril)$,  Coal  Cutters,  Coal 
Washeries,  Coal  Tipples,  Cur  Hauls,  Vcntllaling 
Fans,  Elevators,  l.arric9,  Screens,  I'riislierB,  etc. 

THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Now  Torli  PittBbura  Boston 

OhiQftgo  Deaver  Cbarleatoo,  W.  Vk. 

at.  Iiouls  KnoxTille  MontreaJ,  Can. 
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SECTION  I.-IN8TITTJTE  ANNOTJNCBICEHTS. 

This  section  contadDS  announcements  of  general  interest  to 
the  members  of  the  Institute,  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Ircmsactims. 


SECTION  II.-TECHNICAL  PAPEES  AND  DISCUSSIONS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents.  They  have  been  so  printed  and 
arranged  (blank  pages  being  left  when  necessary)  that  they 
can  be  separately  removed  for  classified  filing,  or  other  inde- 
pendent  use. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  11.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  ear- 
nestly invited. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  29  W.  39th  St.,  New  York,  N.  Y.  (Telephone 
number  4600  Bryant). 
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COUNCIL.* 

President  of  the  Council. 

D.  W.  BRUNTON Denver,  Cou). 

(Term  explrei  February,  1910.) 

Vice-Presidents  of  the  Council. 

J.  PARKE  CHANNING New  York,  N.  Y. 

FREDERICK  W.  DENTON Pajnesdalb,  Mich. 

JOHN  B.  PARISH Denver,  Coloi 

(Term  expires  February,  1910.) 

W.  C.  RALSTON San  Francisco,  Cal. 

W.  L.  SAUNDERS New  York,  N.  Y. 

H.  V.  WINCHELL St.  Paul,  Minn. 

(Term  expires  February,  1911.) 

Councilors. 

B.  F.  FACKENTHAL,  Jr Easton,  Pa. 

H.  O.  HOFMAN ^ Boston,  Mass. 

WALTER  R.  INGALLS New  York,  N.  Y. 

(Term  expires  February,  1910.) 

ARTHUR  S.  DWIGHT New  York,  N.  Y. 

R  V.  NORRIS Wilkes-Barre,  Pa. 

WILLIAM  H.  SHOCKLEY Tonopah,  Nev. 

(Term  expires  February,  1911.) 

KARL  FILERS New  York,  N.  Y, 

ALEX.  C.  HUMPHREYS New  York,  N.  Y. 

W.  G.  MILLER Toronto,  Canada. 

(Term  expires  February,  1912.) 

Secretary  of  the  Council. 

R.  W.  RAYMOND,  29  W.  39th  St New  York,  N.  Y. 

(Term  expires  February,  1910.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHERS New  York,  N.  Y. 

CORPORATION. 

JAMES  GAYLEY,  President ;  JAMES  DOUGLAS,  Vice-President ; 

R.  W.  RAYMOND,  Secretary ;  FRANK  LYMAN,  Treasurer  j 
JOSEPH  STRUTHERS,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 

(Term  expires  February,  1910.) 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX. 

(Term  expires  February,  1911.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R.  W.  RAYMOND. 

(Term  expires  February,  1912.) 

Consulting  Attorneys,  Blair  &  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note. — ^The  Council  is  the  professional  body,  having  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc.  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  convenience,  composed  of  members  residing  in  New  York. 
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INSTITUTE  ANNOUNCEMENTS. 
The  Pittsburg  Meeting. 

As  already  announced  in  Special  Circular  No.  1  from  the 
Secretary's  office,  under  date  of  Jan.  17,  1910,  the  Ninety- 
eighth  meeting  of  the  Institute  will  be  held  at  Pittsburg,  Pa., 
beginning  Tuesday  evening.  Mar.  1,  1910.  Hotel  headquar- 
ters will  be  at  the  Hotel  Schenley,  where  a  bureau  of  infor- 
mation will  be  maintained,  and  the  sessions  will  be  held  in 
a  lecture-room  of  the  Carnegie  Library,  opposite  that  hotel.  The 
secretary  of  the  Local  Committee  is  Mr.  Harrison  W.  Craver, 
Carnegie  Library,  Pittsburg,  Pa.,  to  whom  should  be  addressed 
all  inquiries  concerning  local  matters  and  arrangements  of  the 
meeting,  outside  of  the  technical  proceedings.  The  control  of 
the  papers  and  discussions  will  be  exercised  by  this  office  as 
usual.  No  special  reduction  of  railroad  fares  for  attendance  at 
this  meeting  is  practicable ;  and  members  will  make  their  own 
arrangements  in  this  respect. 

Members  and  guests  should  engage  hotel  accommodations  by 
direct  and  early  application  to  the  hotel  selected.  In  case  of 
difficulty  or  doubt,  Mr.  Harrison  W.  Craver,  Carnegie  Library 
of  Pittsburg,  the  secretary  of  the  Local  Committee,  may  be 
consulted. 

Details  of  the  sessions  and  excursions  of  this  meeting  will  be 
given  in  the  program  of  the  Local  Committee,  which  will  be 
furnished  to  each  member  and  guest  on  registration  at  hotel- 
headquarters.  The  number  of  interesting  and  important  works 
at  Pittsburg  is  so  great  that  it  would  be  impossible  for  the  visit- 
ing members  and  guests  of  the  Institute,  as  a  body,  to  visit 
them  all;  but  the  Local  Committee  will  be  able,  through  the 
courtesy  of  local  firms  and  companies,  to  secure  for  their  visi- 
tors, in  addition  to  the  general  excursions,  a  hospitable  recep- 
tion at  such  establishments  as  they  may  severally  desire  to  visit. 


Proposed  Increase  of  Annual  Dues. 

At  one  of  the  sessions  of  the  Pittsburg  meeting  the  proposed 
amendment  to  the  Constitution,  increasing  the  annual  dues,  the 
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consideration  of  which  is  to  be  postponed  at  the  annual  busi- 
ness meeting  of  February  15,  will  be  brought  up  for  discussion ; 
but  no  vote  will  be  taken  concerning  it,  at  this  or  any  other 
meeting,  without  due  notice  to  members  given  according  to  the 
Constitution,  and  accompanied  with  the  issue  of  proxies  en- 
abling each  member  to  express  his  decision  definitely  upon  the 
said  amendment  or  any  proposed  modification  thereof. 


Report  of  the  United  Engineering  Society. 

The  following  financial  report  of  the  Treasurer  of  the  United 
Engineering  Society  is  published  for  the  information  of  mem- 
bers: 

New  York,  January  27,  1910. 

To  the  Board  of  Trustees^  United  Engineering  Society  : 

I  beg  to  submit  herewith  the  report  of  the  Treasurer  as  of 
December  31,  1909. 

From  the  Balance  Sheet  submitted  herewith  it  appears  that 
our  physical  property,  over  and  above  the  value  of  the  build- 
ing and  our  equity  in  the  land,  consists  of  building  equipment 
amounting  to  $16,767.72,  and  furniture  and  fixtures,  $2,921.20. 

During  the  current  year  there  have  been  added  to  the  Real 
Estate  Equipment  account  a  toilet-room  on  the  twelfth  floor  at 
an  expense  of  |530,  and  furniture  and  fixtures  representing  an 
expenditure  of  |682.86,  and  including  telephone  booths,  stere- 
opticon,  tables,  chairs,  etc. 

It  will  be  noted  that  the  principal  of  the  mortgage  on  the 
land,  held  by  Andrew  Carnegie,  Esq.,  and  amounting  originally 
to  |540,000,  has  been  reduced  by  payments  from  the  Land  and 
Building  Funds  of  the  Societies  to  |223,000,  correspondingly 
reducing  the  burden  on  the  Founder  Societies  for  payment  of 
interest. 

The  gross  operating  expenses  for  the  year  were  |35,845.92, 
or,  excluding  expenditures  for  building  equipment,  |580,  and 
furniture  and  fixtures  to  the  amount  of  |682.86,  a  net  cost  of 
operating  the  building  for  the  year  1909  of  $32,163.57,  slightly 
in  excess  of  1908. 

In  accordance  with  the  resolutiou  of  the  Board  an  appropri- 
ation of  |5,000  was  made  out  of  the  surplus  remaining  from 
the  year  1908,  and  this  amount  ($5,037.50)  was  invested  in 
Baltimore  k  Ohio  bonds,  as  an  addition  to  the  Contingency  and 
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Renewal  Fund,  as  provided  for  in  the  Founders'  Agreement, 
bringing  the  Reserve  Fund  up  to  |10,268.75.  It  is  recom- 
mended that  a  similar  appropriation  be  made  out  of  the  avail- 
able balance  for  this  year's  operations,  leaving  a  surplus  to  be 
carried  forward  of  |3,905.95. 

Attention  is  called  to  the  fact  that  we  had,  on  Jan.  24, 1910, 
unoccupied  floor  space  in  the  building  equivalent  in  rental  value 
to  only  4  per  cent,  of  the  total  space  available  for  assessment, 
and  a  part  of  this  small  remaining  space  is  under  option,  so  that 
the  only  space  available  and  unengaged  is  the  room  and  ante- 
room occupied  by  the  Trustees  as  Board  Room,  and  even  that 
is  occasionally  called  upon  for  board  meetings  under  assessment 
for  outside  parties.  One  of  the  Founders'  Societies  is  prepared 
to  release  one  or  two  rooms  for  applications  from  Associates, 
otherwise  the  building  may  be  deemed  fully  occupied. 

Your  attention  is  directed  to  the  small  number  of  times  the 
auditorium  has  been  occupied  during  the  year — 80  times  as 
against  27  times  in  1908 — and  the  relatively  small  demand  for 
the  two  assembly  rooms  on  the  fifth  floor,  occupied  56  times  in 
1909  as  against  68  times  in  1908.  During  the  past  year  the 
facilities  of  the  building  were  enjoyed  by  52  societies,  Founders 
and  Associates,  as  against  34  in  the  year  1908.  The  limited 
use  made  of  the  auditorium  and  of  the  assembly  rooms  on  the 
fifth  floor,  the  income  therefrom  barely  covering  their  quota  of 
the  flxed  charges,  continues  to  be  a  problem  in  the  economical 
administration  of  the  building. 

The  Chief  Librarian  reports  a  total  attendance  during  the 
year  of  8,303  as  against  7,231  in  1908,  the  day  attendance  show- 
ing an  increase  of  750  and  the  evening  attendance  of  322. 

The  assessments  paid  for  the  year  by  the  Founder  Societies 
occupying  one  entire  floor  were  $6,000  each,  representing  a 
total  expenditure  by  each,  including  interest  on  its  full  principal 
of  mortgage  on  the  land,  of  $13,000,  reduced  in  each  case  to  the 
extent  the  Society  may  have  paid  of  part  of  its  mortgage  share. 
As  the  Associate  Societies  are  assessed  approximately  1 10,000 
for  equivalent  facilities,  it  will  be  seen  that  the  Founder  Societies 
five  still  carrying  more  than  their  proportion  of  the  carrying 
charges  for  equivalent  office  space  occupancy  in  the  building. 

Respectfully  submitted, 
(Signed)  J.  W.  Lieb,  Jr., 

TYeasurer. 


Viii         Monthly  Bulletin,  No.  38,  Fbbruart,  1910. 


Balai^ce  Sheet,  January  1,  1910. 

BmI  esUte,  land, I  540,000.00 

Beal  estate,  building, 1,050,000.00 

Beal  estate,  equipment,  16,767.72 

Furniture  and  fixtures, 2,921.20 

N.  Y.  aty  bonds  (cost)  reserve, 5,231.25 

Balto.  <&  Ohio  bonds  (cost)  reserve, 5,037.50 

Accounts  receivable, 3,357.00 

Library  United  Engineering  Society, 29.05 

Library,  adjustment  account, 30.56- 

Working  balance, $5,099.88 

For  reserve  fund, 5,000.00 

Ways  and  Means  Com. , 1,165.08 

11,264.9^ 

Petty  cash, 500.00 

$1,635,139.24 

LiabUuie». 

Balance  of  mortgage  (land),  A.  1. RE.,  $54,000.00 

Balance  of  mortgage,  A.&M.E.,        ....       81,000.00 

Balance  of  mortgage,  A. LM.E.,        ....      88,000.00     $  223,000.00 

A. LE.E.  equity  in  building, 350,000.00 

A.S.M.E.  equity  in  building, 350,000.00 

A.I.M.E.  equity  in  building, 350,000.00 

A.I.E.E.  equity  in  real  estate  equipment,  3,346.61 

A.S.M.E.  equity  in  real  estate  equipment,  3,346.62 

A.I.M.E.  equity  in  real  estate  equipment,  3,346.6^^ 
A.I.E.E.  payments  to  date  in  liquidation  of  mortgage 

on  land, 126,000.00 

A.S.M.E.  payments  to  date  in  liquidation  of  mortgage 

on  land, 99,000.00 

A.I.M.E.  payments  to  date  in  liquidation  of  mortgage 

on  land, 92,000.00 

Depreciation  and  reserve  fund,         ....  15,000.00 

"Ways  and  Means  Committee,  etc.,     ....  1,165.08 

Accounts  payable, 1,150.00 

Balance,  cash,  accounts  receivable,  furniture,  etc.,    .  17,784.31 

$1,635,129.24 

Statement  of  Kecejpts  anp  Dibbxjbsemei^ts  for  the  Year  Endjng 

Dec.  31,  1909. 

Cash  Receipts. 

Balance  on  hand,  Jan.  1,  IDOi), $    6,510.63 

Account  reduction  of  mortgage  on  land, 64,000.00 

Account  interest  on  mortgage, i  .  10,740.00 

Assessment  of  Founder  Societies, 18,000.03 

Assessment  of  Associate  Societies,  offices,  meetings,  ....  27,363.29 

Library  account, 5,109.27 

Interest  on  bondiii, 225.00 

1131,948.22 
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Aocount  reduction  of  mortgage  on  land, $64,000.00 

AooDont  interest  on  mortgage, 10,740.00 

Operating  expense,  cash  expenditures, 30,445.39 

Beal  estate  equipment, 530.00 

Furniture  and  fixtures, 682.86 

Library  account,         .       • 6,195.52 

Bonds  purchased  (reserve), 5,037.50 

Accounts  payable  (from  1908), 1,399.37 

A.I.M.R  return  of  rentals  for  ofiice, 660.00 

Insurance, 2,469.49 

Library  adjustment, 688.21 

Balance  on  hand,  Jan.  1,  1910, 10,099.88 

$131,948.22 
Operating  Income  and  Expenses,  Year  Ending  Dec.  31,  1909. 

Income, 

Assessment  Founder  Societies, $18,000.03 

I^essA.I.M.E.  refund, 660.00 

$17,340.0S 

Assessment  Associate  Societies, 16,746.00 

Assessment,  miscellaneous  'offices  and  meetings),    .  5,991.50 

Telephone  returns, 2,620.70 

Miscellaneous  charges  to  societies, 1,828.64 

Interest, 225.00 

$44,751.87 

operating  expenses,  gross, $32,163.57 

Beal  estate  equipment, 530.00 

Furniture  and  fixtures, 682.86 

Beserve  fund, 5,000.00 

Insurance, 2,469.49^ 

Balance  to  surplus, 3,905.95 

$44,751.87 

(Signed)    W.  H.  MacNabb, 

AeeountanL 


International    Congress    for    Mining,  Metallurgy, 
Applied  Mechanics,  and  Practical  Geology, 

Diisseldorf,  igio. 

As  already  announced  in  previous  BuUetinSj  this  Congress 
will  meet  at  Diisseldorf  during  the  last  week  in  June,  1910. 
Extensive  preparations  are  in  progress,  including  visits  to 
technical  institutions  and  industrial  establishments,  excursions 
to  localities  of  geologic  interest,  etc.,  which  will  have  a  direct 
bearing  on  the  papers  and  addresses  presented  at  the  meeting. 
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Full  information  concerning  membership,  meetings  and  ex- 
cursions, classification  of  subjects,  etc.,  is  given  in  BuUetin  No. 
37,  January,  1910. 

Applications  for  membership  in  this  Congress  should  be  made 
not  later  than  Mar.  1,  1910.  Inquiries  concerning  announce- 
ment of  proposed  papers,  length  and  time  of  presentation,  sug- 
gestions, etc.,  may  be  addressed  to  Dr.  E.  Schrodter,  Secretary 
of  the  Committee  of  the  Congress,  Diisseldorf,  Jacobistrasse  3/5, 
Prussia. 


How  to  Use  the  ''Transactions"  of  the  Institute. 

Buy  a  copy  of  the  Complete  Analytical  and  Alphabetical  Lidez  of 
Volumes  L  to  XXXV.,  inclusive. 

If  you  own  a  full  set  of  the  Transactions,  this  Index  will  make 
the  whole  of  it  instantaneously  available  without  detailed  re- 
search into  each  volume  separately. 

If  you  do  not  own  such  a  set,  this  Index  will  be  even  more 
valuable,  for  it  will  show  you  what  particular  papers  you  need 
to  know  more  about,  and  perhaps  to  study.  Thus,  any  person 
possessing  this  Index  can  ascertain  at  once  what  has  been  pub- 
lished in  the  Transactions  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still 
to  be  had  in  pamphlet  form,  where  it  can  be  consulted  in  a 
public  library,  at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  Transac- 
iions,  this  Index  will  be  a  great  convenience ;  but  to  those  who 
do  not,  it  will  be  a  professional  necessity. 

This  volume  is  an  octavo  of  706  pages,  containing  more  than 
60,000  entries,  duly  classified  with  sub-headings,  and  including 
abundant  cross-references.  It  has  not  been  stereotyped,  and 
the  edition  is  limited  to  1,600  copies.  The  price  of  the  volume, 
bound  in  cloth,  is  |5,  and  bound  in  half-morocco  to  match  the 
Transactions,  |6.  The  delivery  charges  will  be  paid  by  the 
Institute  on  receipt  of  the  above  price. 
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Hydrographic  Chart. 

Owing  to  the  great  value  to  hydrographera  of  the  chart  con- 
tained in  the  paper,  A  Graphic  Solution  of  Kutter's  Formula, 
by  L.  I.  Hewes  and  Joseph  W.  Roe  (Bulletin  No.  29,  May, 
1909,  p.  454),  a  special  edition  for  office  or  field  use  has  been 
printed  on  durable  cloth.  Copies  of  this  separate  chart  may 
be  obtained,  at  a  cost  of  50  cents  each,  on  application  to  the 
office  of  the  Secretary  of  the  Institute. 


Special  Notice. 


Attention  is  respectfully  requested  to  the  announcement  on 
pages  12  and  13  of  the  advertising  section  of  this  Bulletin  con- 
cerning certain  books  and  periodicals  needed  to  complete  seta 
in  the  Library. 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 

The  libraries  of  the  above-named  Societies  are  open  from 
9  A.M.  to  9  P.M.  on  all  week-days,  except  holidays,  from  Septem- 
ber 1  to  June  30,  and  from  9  a.m.  to  6  p.m.  during  July  and 
August. 

RULES. 

For  the  protection  and  convenience  of  members,  the  follow- 
ing rules  have  been  adopted : 

The  Secretary  of  each  Society  will,  upon  application,  issue 
to  any  member  of  his  Society  in  good  standing  a  personal,  non- 
transferable card,  entitling  him  to  the  use  of  the  Libraries  in 
the  alcoves  of  the  Reading-Room. 

This  card,  as  well  as  any  card  of  introduction  given  to  a 
non-member,  must  be  signed  by  the  person  receiving  it,  and 
surrendered  at  the  desk  at  the  time  of  its  presentation.  At 
every  visit  he  must  identify  himself  by  signing  his  name  in  the 
registry. 

Strangers  who  desire  to  enjoy  the  privilege  of  entering  the 
alcoves  are  requested  to  present  either  letters  of  introduction 
from  members,  or  cards,  such  as  will  be  furnished  upon  appli- 
cation by  the  Secretary  of  each  Society.  The  first  two  alcoves 
are  free  to  all ;  and  a(}mission  to  the  inside  alcoves  is  given 
upon  proper  introduction. 

The  above  rules  apply  to  all  persons  except  ofiicers  of  the 
three  Societies,  personally  known  as  such  to  the  librarians. 

The  librarians  are  not  permitted  to  lend  to  anj^  person  any 
catalogued  pamphlet  or  volume,  unless  authorized  in  writing  so 
to  do  by  the  Secretary  or  Chairman  of  the  Library  Committee 
of  the  Society  to  which  the  pamphlet  or  volume  belongs. 

Any  person  discovering  a  mutilation  or  defect  in  any  book 
of  the  libraries  is  requested  to  report  it  to  the  librarian  on  duty. 
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Library  Accessions. 

Jan.  1  to  Feb.  1,  1910. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of  Me- 
•chanical  Engineers  and  the  American  Institute  of  Electrical  Engineers  can  be 
obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.  ] 

Amrrigak  FoRESTBT.     {FoTmerl J  Conservation.)    Beginning  with  January,  1910. 

American  Institute  of  Chemical  Engineers.  Transactions.  Vol.  I.  Brook- 
lyn, 1909.     (Exchange. ) 

American  ItfSTiTUTE  of  Mining  Engineers.  Monthly  Bulletin.  Nos.  25- 
36,  1909.    New  York,  1909. 

Year  Book,  1910.     New  York,  1910. 

Beneficio  de  Metales  se  Plata  y  Org  for  Cianuracion.  (The  Treatment 
by  Cyanidation  of  Gold-  and  Silver-Ores. )  By  Ferdinand  McCann.  Pub- 
lished by  the  Author,  Mexico,  1909.    (Gift  of  Author. ) 

[Secretary's  Note. — This  book,  although  published  in  Spanish  and  addretjsed 
specially  to  the  Mexican  technical  public,  is  not  merely  a  translation  of  miscel- 
laneous material  from  other  languages,  but  a  logically  arranged  treatise  on  the 
subject,  dealing  successively  with  the  preliminary  pulverization  of  the  ores,  the 
lixiviation  with  cyanide  solution,  the  subsequent  precipitation  of  silver  and  gold, 
and  the  refining  and  fusion  of  the  precipitates.  Under  each  head  it  furnishes  a 
description  of  the  different  systems  in  use.  Since  the  application  of  the  cyanide 
process  in  Mexico  is  in  some  respects  more  advanced  than  in  any  other  country, 
this  comprehensive  survey  of  it  must  possess  much  value  for  all  students  and  prao- 
titioners.  That  it  is  in  the  Spanish  language  need  not  deter  any  metallurgist  un- 
acquainted with  that  tongue  from  acquiring  it.  The  numerous  tables  and  illus- 
trations tell  their  own  story  to  experts  of  every  country  ;  and  the  text  is  so  easily 
understood  with  the  occasional  aid  of  an  ordinary  Spanish  dictionary  as  to  make 
the  reader  proud  ! — R.  W.  R.] 

BiBLioGRAPHiB  DER  Deutschen  Zeitschrijten-Literatur.  Vol.  24.  By 
F.  Dietrich.     Leipzig,  1909.     (Purchase. ) 

California.    State  Mining  Bureau.     Mineral  Products,  C!ounty  Maps,  and 
Mining  Laws  of  California.      (Bulletin  56.)     San  Francisco,  1909.     (Ex-' 
change.) 

Calculation  of  Public  Coal  Lands.  (Bulletin  No.  424,  U.  S.  Geological 
Survey.)  By  G.  H,  Ashley  and  C.  A.  Fisher.  Washington,  1910.  (Ex- 
change. ) 

C ANAPA.  Mines  Department.  Report  on  the  Mining  and  Metallurgical  Indus- 
tries of  Canada,  1907-08.     Ottawa,  1908.     (Exchange.) 

Case  School  of  Applied  Science.     (Catalogue,  1909-1910.     (Gift.) 

Catalogue  de  la  Bibliotheque  de  la  Commission  Centrale  de  Statis- 
Tic^UE.     Tome  V.     Bruxelles,  1909.     (Exchange.) 

CiENCiAS  MiiDiCAS  E  HiGiENE.  Tomo  I.  ( VoL  I.  de  los  Trabajos  del  Cuarto 
Congreso  Cientifico  (1  Pan- Americano.)  Santiago  de  Chile,  1909.  (Gift  of 
Comisi6n  4^  Congreso  Cientifico. ) 

Dry  Chlorination  of  Sulphide  Ores.  Denver,  1910.  (Gift  of  Western 
Metals  Co.) 
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Florida.  State  Geological  Survey.  Annual  Report,  2d,  1908-09.  Talla- 
hassee, 1909.     (Exchange.) 

Forest  Products  of  the  United  States,  1908.  Washington,  1909.  (Ex- 
change. ) 

Fuel  Tests  with  House-Heating  Boilers.  « Bulletin  No.  31,  Illinois  UniTer- 
sity  Engineering  Experiment  Station. )  By  J.  M.  Snodgrafls.  Urbana,  1909. 
(Exchange. ) 

Geology  and  Water  Resources  of  the  Northern  Portion  of  the  Black 
Hills  and  Adjoining  Regions  in  South  Dakota  and  Wyoming.  (Pro- 
fessional Paper  No.  65,  U.  S.  Geological  Sarvev.)  By  N.  H.  Darton.  Wash- 
ington, 1909.     (Exchange.) 

Geology  of  the  Port  Leyden  Quadrangle,  Lewis  County,  N.  Y.  (Bulle- 
tin No.  135,  New  York  State  Museum.)  By  W.  J.  Miller.  Albany,  1910. 
(Exchange.) 

Geology  of  the  Whangaroa  Subdivision,  Hokianga  Division.  (Bulletin 
No.  8,  New  Zealand  Geological  Survey. )  By  J.  M.  Bell  and  E.  de  C.  Clarke. 
Wellington,  1909.     (Exchange.) 

Handbuch  der  Allqemeinen  Huttenkunde.  By  W.  A.  Lampadius.  Vol.  1, 
Pts.  1-2  (Ed.  2),  1804,  1817  ;  Vol.  2,  Pt.  2,  1805;  Vol.  3,  Pt.  2,  1809  ;  Vol.  4, 
Pt.  2,  1810.     Gottingen,  various  dates.     (Gift  of  A.  Arents.) 

Supplement  to  Vol.  2,  1826.     Gottingen,  1826.     (Gift  of  A.  Arente.) 

Harvard  University.    Catalogue,  1909-10.     Cambridge,  1910.     (Exchange.) 

India.  Geological  Survey.  Memoirs.  Vol.  37,  Pts.  1-3.  Calcutta,  1909. 
(Exchange. ) 

Institution  of  Civil  Engineers.  List  of  Members,  1910.  London,  1910. 
(Exchange. ) 

Institution  OF  Mining  Engineers.     Almanac,  1910.     London,  1910.     (Gift) 

Institution  of  Mining  and  Metallurgy.  Bulletin  No.  64.  London,  1910. 
(Exchange.) 

Constitution  and  By-Laws  and  List  of  Members,  1910.     London,  1910. 

(Exchange. ) 

Land  Titles  in  Mexico.  Questions  Concerning  Original  Titles  (Book  E). 
Mexico  City,  n.  d.     (Gift  of  Mexican  Title-Mortgage  Co.) 

Leadville*s  Complex  Ores.  By  A.  W.  Warwick.  Denver,  n.  d.  (Reprint 
from  the  Hercdd  Democrat,  Jan.  1,  1910. )     fGift  of  Western  Metals  Co.) 

Metallurgical  and  Chemical  Engineering.  (Former  title,  Electrochemical 
and  yfetallurgical  Industry. )     Beginning  with  January,  1910. 

Mineral  Deposits  of  the  Cerbat  Bange,  Black  Mountains,  and  Grand 
Wash  Cliffs,  Mohave  County,  Arizona.  (Bulletin  No.  397,  U.  S,  Geo- 
logical Survey.)    By  F.  C.  Schrader.     Washington,  1909.     (Exchange.) 

Mineral  Products  of  the  United  States,  1899-1908.     (Sheet)    (Exchange.) 

Minerva  Jahrbuch  der  Gelehrten  Welt,  1909-1910.  Strassburg,  1910. 
(Purchase. ) 

Mining  Society  of  Nova  Scotia.  Journal.  Vol.  14.  Halifax,  1910.  ^Ex- 
change. ) 

Oklahoma.  State  University.  Research  Bulletin.  Nos.  1-2.  Norman,  1909. 
(Exchange.) 

Ontario.    Mines  Bureau.    Annual  Report,  18th.    Toronto,  1909.    (Exchange.) 

Our  Friends,  the  Enemy.  A  Discussion  Bearing  on  Scientific  Ethics,  with  Con- 
crete Illustrations.    (Reprint  from  SdencCf  Vols.  29-30.)   N.  p.,  n.  d.    (Gift.) 

Paleontology  op  the  Coalinga  District,  Fresno  and  Kings  Counties,  Cali- 
fornia. (Bulletin  No.  396,  U.  8.  Geological  Survey.)  By  R.  Ajnold. 
Washington,  1 909.     ( Exchange. ) 
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Profbbsion  of  Emoineebikg.  (Presidential  Address,  1909.)  By  J.  M.  Smiih, 
A.  a  M.  £.,  Past-President.    N.  p.,  n.  d.     (Gift.) 

QrAiiiTY  OF  Surface  Waters  in  the  United  States.  Part  I.  (Water- 
Sapplj  Paper  No.  236,  U.  S.  Geological  Surrey.)  Bj  R.  B.  Dole.  Wash- 
ington, 1909.     (Exchange.) 

Becznt  Development  of  the  Producer-Gas  Power  Plant  in  the  United 
States,  (bulletin  No.  416,  U.  S.  Geological  Surrey.)  By  B.  H.  Femald. 
Washington,  1909.     (Exchange.) 

Beconnaisbance  of  the  Gypsum  Deposits  of  California.  (Bulletin  No. 
413,  U.  S.  Geological  Survey.)  By  F.  L.  Hess.  Washington,  1910.  (Ex- 
change.) 

Bedruth  School  of  Mines,  Cornwall.  Syllabus,  1909-1910.  Truro,  1910. 
(Gift.) 

Bepertorium  der  Txchnischen  Journal-Literatur,  1908.  Berlin,  1909. 
(Exchange. ) 

BflsuLTS  of  Spirit  Leveling  in  Ohio,  1898-1908,  Inclusive.  (Bulletin  No. 
411,  U.  &  Geological  Survey.)  By  S.  S.  Gannett  and  D.  H.  Baldwin. 
Washington,  1909.     (Exchange.) 

BusBiA.     Comity  G^logique.     Bulletin.     Vol.  27,  Nos.  4-10.    St.  Petersburg, 

1908.  (Exchange.) 

Mtooires.     New  ser.     Book  Nos.  36,  43-50.    St.  Petersburg,  1908-09. 

(Exchange. ) 

BCHLAGWETTER,        KOHL£NSTAUB-UND        SpRENGSTOFFVERSUCHSANLAOEN        IN 

Deutbchland  und  Beloien.  Von  W.  Pokomy.  Wien,  1909.  (Reprint.) 
(Gift  of  E.  K.  MinisteriumfiirOfrentllche.) 

South  Wales  Institute  of  Engineers.  Alphabetical  and  District  Lists  of 
Members,  1910.     London,  1910.     (Exchange.) 

Staffordshire  Iron  and  Steel  Institute.  Proceedings.  Vol.  24.  Stour- 
bridge, 1909.     (Exchange.) 

State  College  of  Washington.  Quarterly  Bulletin.  Vol.  2,  No.  8.  Pull- 
man, n.  d.     (Gift.) 

STATisnquE  des  Industries  Extractives  ft  MiriALLURGiquES  et  des  Ap- 
PAREiLS  A  VAPEUR  EN  Belgique,  1908.     Bruxelles,  1909.     (Gift.) 

Supply  and  Distribution  of  Cotton  for  Year  Ending  Aug.  31, 1909.  (Bul- 
letin No.  106,  U.  S.  Census  Bureau.)    Washington,  1009.     (Exchange.) 

Sydney  University  Engineering  Society.  Proceedings.  Vol.  13,  1908. 
Sydney,  1908.     (Gift.) 

System  der  Metallurgie.  By  C.  J.  B.  Karsten.  Vols.  1-5.  Berlin,  1831- 
32.     (Gift  of  A.  Arents.) 

Atlas.     (Giftof  A.  Arents.) 

T.SNI0ID  Cestodes  of  North  American  Birds.  (Bulletin  No.  69,  U.  S.  Na- 
tional Museum,  Smithsonian  Institution. )    By  B.  H.  Bansom.     Washington, 

1909.  (Exchange.) 

Tonindustrie  Ealender,  1910.     Pts.  1-3.     Berlin,  1910.     (Exchange.) 
Transit  Problem  of  New  York.    N.  p.,  n.  d.     (Gift  of  Brooklyn  League.) 
Treatment  of  Broken  Hill  Ores.     By  W.  Poole.    (Sydney  University  En- 
gineering Society,  November,  1908.)    N.  p.,  n.  d.     (Giftof  Author.) 
U.  S.  Census  Bureau.    Abstract  of  Annual  Beport — Statistics  of  Cities,  1907. 

(Bulletin  No.  106.)    Washington,  1909.     (Exchange.) 
U.  S.  Geological  Survey.    Annual  Beport  of  the  Director,  30th.    Washington, 

1909.     (Exchange.) 
U.  S.  Mint  Bureau.     Annual  Beport  of  the  Director,  1909.     Washington,  1909. 
(Exchange.) 
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Univebsity  of  Oregon.    School  of  Music.     Annual  Catalogue,  1885-1910. 

Eugene,  1909,     (Gift.) 
Water  Beboubces  of  the  East  St.  Louis  District.     (Bulletin  No.  5,  Illinois 

State  Greological  Survey.)    Bj  I.  Bowman.    Urbana,  1907.     (Exchange.) 
AVfst  ViRaiNiA.    Geological  Survey.    County  Reports  of  Marshall,  Wetzel, 

and  Tyler  Counties,  with  maps.     Morgantown,  1909.     (Exchange.) 

Trade  Catalooues. 

Driver-Harris  Wire  Co.,  Harrison,  N.  J.  Tables  of  resistance,  weight,  diame- 
ter, and  capacity  of  resistance  materials.     48  pages. 

T.  C.  Eglebton,  Denver,  Colo.  The  Maginnis  galvanized  steel  flume  for  power, 
irrigation,  and  mining  canals.    32  pages. 

Fairbanks,  Morse  &  Co.,  New  York.  Bulletin  No.  170.  The  Boston  Consoli- 
dated Mining  Co. 's  mill,  equipped  with  312  Nissen  stamps  manufactured  by 
Fairbanks.     7  pages. 

^General  Electric  Co.,  Schenectady,  N.  Y. 
The  improved  type  H  transformer.     1  page. 
A  view  in  the  winding  department  of  the  transformer  factory,   Pittsfield, 

Mass.     1  page. 
Bulletin  No.  4679  A.     Type  DLC  oommutating  pole  motors.     8  pages. 
Bulletin  No.  4706.    Curve-drawing  ammeters  and  voltmeters — Type  CR  con- 
struction.    4  pages. 
Bulletin   No.   4707.     Gasolene-electric  plants  for  lighting  and  power.     24 

pages. 
Bulletin  No.  4713.    Type  F,  forms  K-2  and  E4,  oil -break  switches.    8  pages. 
Ornamental,  high  efficiency  arc  lamps.     4  pages. 

Jeffrey  Manufacturing  Co.,  Columbus,  O. 

Bulletin  No.  17  on  Jeffrey  electric  mine-locomotives.     68  pages. 
Catalog  No.  69B  on  Jeffrey  revolving,  panel,  and  tipple-screens.    24  pages. 
Jeffrey  wire-cable  conveyors.    24  pages. 
Jeffrey  standard  elevator-buckets.     24  pages. 

Rendall  Steel  Co.,  New  York,  N.  Y.  Rendall  furnaces  and  processes,  reduc- 
ing ore  to  metal  without  melting,  and  producing  wrought-iron  by  a  direct 
method.     32  pages. 

James  Riog,  London,  England.   The  '*  Rigg''  power-driven  coal-tipples.   2  pages. 

United  Engineering  Society  Library. 

Advertising  and  Selling.     Vol.  19,  No.  8-date.     January,  1910-date.     New 

York,  1910-date. 
Washington  Society  of  Engineers.     By-Laws,  List  of  Officers,  and  Members, 

February,  1909.     (Gift  of  Washington  Society  of  Engineers.) 

Gift  of  Carnegie  Steel  Co. 

Data  Appertaining  to  Light  Rails  and  Fastenings.     1904. 

Pocket  Companion  Containing  Useful  Information  and  Tables  Apper- 
taining to  the  Use  of  Steel  and  Manufactured  by  the  Carnegie 
Steel  Company.     1903. 

Shapes  Manufactured  by  the  Carnegie  Steel  Company,  1903,  and  Sup- 
plement. 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises   the  names  of  those  persons 

elected  as  members  who  accepted  election  during  the  month 

of  January,  1910: 

Members. 

Aichibald  F.  Dick-Cleland, £1  Oro,  Mexico,  Mex. 

Joseph  B.  S.  Mcintosh, Tooele,  Utah. 

John  R  Penberthy, Globe,  Ariz. 

William  P.  Rutherford,  Jr., Glasgow,  Scotland. 

!Kupert  F.  Vaughan, Celebes,  Ned.  India. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  for  election  as 
members  of  the  Institute  during  the  month  of  January, 
1910.  Their  names  are  published  for  the  information  of  mem- 
bers and  associates,  from  whom  the  Committee  on  Membership 
earnestly  invites  confidential  communications,  favorable  or  un- 
favorable, concerning  these  candidates.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the 
residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  communications,  before  any  action  upon  these  names 
by  the  Committee.  After  the  lapse  of  this  period,  the  Com- 
mittee will  recommend  action  by  the  Council,  which  has  the 
power  of  final  election. 

Members, 

Harry  Merritt  Booth, Denver,  Colo. 

John  Edward  Butler, Steams,  Ky. 

Mel  C.  Butler, Fairfax,  Wash. 

William  R.  Chedbey, Moscow,  Idaho. 

William  J.  Davis,  Jr., San  Francisco,  Cal. 

James  Stuart  Douglas, Douglas,  Ariz. 

Byron  E.  Eldred, New  York,  N.  Y. 

Matthew  Fraser  Fairlie, Cobalt,  Ontario,  Can. 

George  T.  Haldeman, Pittsburg,  Pa. 

Edwin  Olaf  Holter, New  York,  N.  Y. 

David  Hartwell  Ladd, Houghton,  Mich. 

David  Lemmon, Pioche,  Nev. 

Stuart  Bradford  Marshall, Dunbar,  Pa. 

Pomeroy  Cooper  Merrill, Chicago,  III. 


xviii        Monthly  Bulletin,  No.  88,  February,  1910. 

Joseph  A.  Mejeroritch, St  Petersburg,  Ruasim. 

Everett  Blaine  Moore, Fairmont,  W.  Va. 

Charles  Edward  Phoenix Bellingham,  Wash. 

Joseph  Wickham  Roe, New  Haven,  Conn. 

Charles  Howard  Smith, Baltimore,  Md. 

James  Thame, London,  England. 

Umenoshin  Tsukakoshi, Douglas,  Ariz. 

Robert  Bell  Woodworth, Pittsburg,  Pa. 

ulssociate. 
J.  S.  Piper, Georgetown,  Kv. 

Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  re- 
ceived at  the  Secretary's  office  during  the  month  of  January, 
1910.  The  list,  therefore,  supplements  the  annual  list  of  mem- 
bers corrected  to  Jan.  1,  1910,  and  brings  it  up  to  the  date  of 
Feb.  1,  1910.  The  names  of  members  who  have  accepted  elec- 
tion during  the  month  (new  members)  are  printed  in  italics. 

Acker,  E.  0*C.,  Met,  Bethlehem  Steel  Co Bethlehem,  Pa. 

Addie,  Kobebt,  Suffolk  House,  Laurence  Pountney  Hill,  London,  £.  C,  England. 

Arnold,  C.  E.  LeN.,  Girouz  Cons.  Mines  Co Kimberly,  Nev. 

AsHMORE,  G.  Percy 109  Lansdowne  PI.,  Hove,  Sussex,  England. 

Austin,  Edwin  A 419  So.  Pilgrim  St,  Stockton,  Cal. 

Baker,  C.  O 30  Church  St,  New  York,  K.  Y. 

Baird,  Louis Maestranja  75,  Guadalajara,  Jal.,  Mexico. 

Batgheller,  James  H Box  36,  Mattapoisett,  Mass. 

Biddle,  William  F 2321  Spruce  St,  Philadelphia,  Pa. 

Blakeslee,  F.  a..  Care  Taquah  Mining  &  Exploration  Co.,  Ltd., 

Tarkwa.  Gold  Coast,  West  Africa. 

Bolles,  J.  H 40;^  Singer  Bldg.,  New  York,  N.  Y. 

Brown,  Harvey  S River  Portal,  Cola 

BuRRALL,  Frederick  P Instructed  to  hold  mail. 

CARi>ENAS,  Adolfo Apartado  750,  San  Joe^,  Coeta  Bica,  C.  A. 

Carleton,  James  G 4  Gregory  St,  Marhlehead,  Mass. 

Carson,  Ellard  W.,  Picacho  Basin  Min.  Co Picacho  Basin,  Cal. 

Chanute,  O 1138  Dearborn  Ave.,  Chicago,  III. 

Chaplin,  Georoe  P.,  Frontino  &  Bolivia  G.  M.  Co.,  La  Saleda, 

Care  Empresa  Hanseatica,  Barranquilla,  Colombia,  S.  A. 
Chapman,  Jame^  E.,  Care  Cia.  Real  del  Monte  j  PM^uca, 

Pachuca,  Hidalgo,  Mexico. 

Chevrillon,  Louis Apartado  18,  Bis,  Mexico  City,  Mexico. 

Choate,  Wayne 210  Security  Bldg.,  Loa  Angeles,  Cai. 

Church,  John  L P.  O.  Box  201,  Helena,  Mont 

Clark,  Edwin  ^L,  Min.  and  Met  Engr 408  Bryson  Bldg.,  Loa  Angeles,  Cal. 

CoLK,  Frank  L Caie  American  Consulate,  Vladivostok,  Siberia. 

Cole,  T.  F •">!'>  Lyceum  Bldg.,  Dulnth,  Minn. 
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CoixiNS,  Hekry  F.,  Huelva  Copper  &  Salphur  Mines,  Ltd., 

Valdelamusa,  ProT.  de  Huelva,  Spain. 

CosKEB,  H.  MoK Hotcoal,  Raleigh  Ck).,  W.  Va. 

GooiCBS,  Habou)  L ..Box  1056,  Globe,  Ariz. 

Crawtobp,  H£kry  E Oare  J.  G.  Crawford,  461  Slst  St,  Brooklyn,  K.  Y. 

Cbemeb,  Feux. 533  Byrne  Bldg.,  3d  St.  and  Broadway,  Los  Angeles,  Cal. 

Cropper,  Cecix  H.,  Yominil  Mine,  Care  Casa  Ses  Melchers,  Sues., 

Mazatlan,  Sinaloa,  Mexico. 

Crossette,  Murray  F Estacion  San  Antonio,  Chih.,  Mexico. 

Damon,  George  G Care  R  M.  M.  Co.,  Magdalena,  Son.,  Mexico. 

Darby,  Thomas  L.,  Civ.  and  Min.  £ngr....2ll  Continental  Bldg.,  Denver,  Colo. 

Day,  Arthur  M Instructed  to  holdall  mail. 

Dsmfis,  Clifford  G.,  San  Francisco  Exploration  Co., 

1022  Crocker  Bldg.,  San  Francisco,  Cal. 

Dennis,  Francis  J 110  Sutter  St.,  San  Francisco,  Cal. 

*I>iek'Cldand,  Arehibcdd  F.f  Min.  Engr.,  Care  Mexico  Mines  of  El  Oro, 

El  Oro,  Mex.,  Mexico.     *09. 

DiSBROw,  Walulce  F 508  Commonwealth  Bldg.,  Denver,  Colo. 

Dresser,  Clarence  G Care  Boston  Cons.  Mining  Co.,  Garfield,  Utah. 

Easley,  George  R.  D Care  Hotel  Perrine,  Twin  Falls,  Idaho. 

Emlaw,  Harlan  S 208  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Evans,  George S.,  Mgr.,  Tasmania  Metals  Exp.  Co.,  Ltd.,  Boseberry,  Tasmania. 

Fitzgerald,  T.  F.  M 211  Sharon  Bldg.,  Salt  Lake  City,  Utah. 

FoHS,  F.  Julius Box  820,  Lexington,  Ky. 

Fraizer,  Isaac  P Box  652,  Salt  Lake  City,  Utah. 

Frecheville,  R.  J 544  Salisbury  House,  London  Wall,  London,  E.  C,  Eng. 

Gage,  Edward  C Chico,  Butte  Co.,  Cal. 

Gahl,  Rudolf P.  O.  Box  554,  Morenci,  Ariz. 

Garrey,  George  H Care  Cia  Minera  de  Pefioles,  Mapimi,  Dur.,  Mexico. 

Garvin,  Charles  J 1744  Broadway,  Denver,  Colo. 

George,  John  G.  G Care  **  The  Merchants  Grill,"  Douglas,  Ariz. 

Grasty,  J.  Sharshall 940  S.  19th  St.,  Birmingham,  Ala. 

Grave,  Percy Instructed  to  hold  all  mail. 

Gray,  Edwin  F Kotsina,  Alaska. 

Gregson,  William  H Royal  View,  Lethbridge,  Albta.,  Can. 

Hadden,  Robert  W.,  Care  Thane,  Barratt  &  Hadden,  St  Stephens  House, 

Westminster,  London,  S.  W.,  England. 

Hamilton,  Walter  R 423  Wells-Fargo  Bldg.,  San  Francisco,  CaL 

Hanckel,  Roberts Apartado 750, San  Jos^,  Costa  Rica,  C.  A. 

Hardinge,  Hal.  W 37  Wall  St,  New  York,  N.  Y. 

Hart,  Philip  E Care  AUis-Chalmers-Bullock,  Ltd.,  Montreal,  Canada. 

Hawkins,  John  T Box  1058,  Colorado  Springs,  Colo. 

Heberlein,  Carl  a.,  Suriana  M.  <&  S.  Co., 

Campo  Morado,  Achotla,  Gro.,  Mexico. 

Herrick,  Ray  L.,* 728  Equitable  Bldg.,  Denver,  Colo. 

Jackson,  Walter  H Mapimi,  Dur.,  Mexico. 

Johnson,  Robert  R 47  Glenmore  Road,  London,  N.  W.,  England. 

Kane,  Daniel  B Room  1707,  42  Broadway,  Xew  York,  N.  Y. 

Kenney,  Henry  S 201  W.  13th  St,  New  York,  N.  Y. 

KiLGOXTR,  Hamilton Montana  Hotel,  Anaconda,  Mont 

Knutzen,  Theodore,  Supt.,  Young  America  G.  M.  Co Lantana,  Va. 

Landfield,  Jitrome  B Binghamton,  N.  Y. 
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LAaHBROOKE,  JOSEPH  R 1618  Rockwood  St.,  Los  Angeles,  Cal. 

Lawby,  Arthur  H 333  Vine  St.,  San  Job^,  CaL 

Lecicie,  R.  G.  Edwards,  Care  M.  S.  Logan,  Box  1136,  Vanoouyer,  B.  C,  Canada. 

Leyexsaler,  L.  a Cordova,  Alaska. 

Linton,  Robert Ocampo,  Chih.,  Mexico. 

LiVERMOBE,  Robert Care  Lindsley,  Townsend  A  Livermore,  Telluride,  Colo. 

McClelland,  James  F Drawer  C,  Yale  Sta.,  New  Haven,  Conn. 

McCreath,  Andrew  S 121  Market  St.,  Harrisbuig,  Pa. 

McCreath,  LBiLEY 121  Market  St.,  Harrisburg,  P^ 

McDevitt,  Jambs  E P.  O.  Box  21,  Lowellville,  Ohio. 

*MeIiU08hj  Joseph  B,  S,,  Construction  Engr Tooele,  Utah.    '09. 

Martin,  James  J 6097  Occidental  St,  Oakland,  Cal. 

Masters,  Harris  K....Care  W.  E.  Clark,  192  West  Broadway,  New  York,  N.  Y. 

Masters,  John  E Altar,  Son.,  Mexico. 

Mentzel,  Charles Ducktown,  Polk  Co.,  Xenn. 

Merrill,  Edward  P Care  The  Union  Club,  Cleveland,  Ohio. 

Milne,  Charles  N P.  O.  Box  '>8o,  Cobalt,  Ont.,  Can. 

Mitchell,  William  S.,  Banker GO  State  St.,  Boston,  Mass. 

Moore,  Roy  W Apartado  Postal  :U,  Alamos,  Son.,  Mexico. 

Morris,  Fred  L 1043  Monad  nock  Bldg.,  San  Francisco,  CaL 

MosER,  George  F 500  Currier  Bldg.,  Los  Angeles,  CaL 

Nack,  Charles,  141  Grosvenor  Road,  Highbury,  New  Park, 

London,  N.,  England. 

Dewberry,  Andrew  W Care  Ray  Cons.  Copper  Co.,  Ray,  Aria. 

NoRBOM,  John  O 'rll  Sheldon  Bldg.,  San  Francisco,  Cal. 

Parker,  J.  L Box  21,  Victoria,  B.  C,  Canada. 

Patrick,  William  B 1160  York  St.,  Denver,  Cola 

*Penberthyf  John  E.,  Min.  Engr.,  Supt.,  Arizona  Commercial  Copper  Co., 

Globe,  Ariz.     '09. 

Peschel,  William  M 91  Madison  Ave.,  Perth  Amboy,  N.  J. 

Perry,  Robert  S *... Queen  and  Stokley  Sts.,Germantown,  Philadelphia,  Pa. 

Platt,  Edwin  H.,  Mgr.,  The  Revenue  Tunnel  Mines  Co Ouray,  Colo. 

Playter,  George  II.,  Treas.  and  GenL  Mgr.,  United  Zinc  Cos Joplin,  Mo. 

Porter,  Jesse  C,  Santa  Rita  Mine,  Bluefields, 

Nicaragua,  C.  A.,  via  New  Orleans. 

Plrdy,  Henry  T Apartado  750,  San  Jos^,  Costa  Rica,  C  A. 

PuLTZ,  John  L 131  E.  66th  Su,  New  York,  N.  Y. 

Radford,  William  H 606  Royal  Insurance  Bldg.,  San  Francisco,  Cal. 

Rice,  Georoi:  S.,  Chief  Engr.,  Board  of  Rapid  Transit  Commissioners, 

Tribune  Bldg.,  New  York,  N.  Y. 
Rice,  George  Samuel,  U.  S.  Geological  Survey, 

40th  and  Butler  Sts.,  Pittsburg,  Pa. 
Richards,  John  V.,  Min.  Engr.,  Richards  Bros.,  Exchange  Bank  Bldg., 

Spokane,  Wash. 

Richmond,  A.  B.,  Min.  and  Cons.  Engr 44  W.  Congress  St.,  Tucson,  Ariz. 

Jiioos,  George  W Care  L.  Riggs,  Jr.,  27  William  St.,  New  York,  N.  Y. 

Rhodes,  Clarence  E.,  El  Oro  Min.  &Ry.  Co.,  Apartado  30,  ElOro, 

Mex.,  Mexico. 

Riley,  Lewis  A 437  Chestnut  St.,  Philadelphia,  Pa. 

Roch£,  Harry  M P.  O.  Box  339,  Tonopah,  Nev. 

BvETscHi,  Rudolf,  Care  Salt  LakeCopiJer  Co.,  oil  Herald  Bldg., 

Salt  Lake  City,  Utah. 
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*  Rutherford,  William  P.,  Jr.,  Miu.  Engr.,  Tharsis  Sulphur  &  Copper  Co., 

136  West  George  St. ,  Glasgow,  Scotland.     '09. 

Ryan,  John  D 42  Broadway,  New  York,  N.  Y., 

ScoviL,  Henry  H.,  Care  Railway  Steel  Spring  Co., 

30  Church  St,  New  York,  N.  Y. 

Sexton,  Frederic  H 40  Pleasant  St,  Halifax,  N.  S.,  Cai>. 

SiEBERT,  Frederic  J , Palisade,  Nev. 

Smith,  Edward  A 3a  Dipamarca  50,  Mexico  City,  Mexico. 

Smith,  William  A.,  Jr 505  Oscar  Leslie  Bldg.,  Kansas  City,  Mo. 

Snedaker,  J.  Angus 316  National  Safety  Vault  Bldg.,  Denver,  Colo. 

Spilsbury,  Persiror  G Met  Staff,  Spurr  &  Cox,  El  Paso,  Texas. 

Stayer,  William  H.,  Supt.,  Liberty  Bell  G.  M.  Co Telluride,  Colo. 

SuTCLiFFB,  John : 371  Edgecombe  Ave.,  New  Y^ork,  N.  Y, 

Thomas,  Kirby,  Care  Engineering  and  Mining  Journal^  505  Pearl  St, 

New  York,  N.  Y. 

Thropp,  Joseph  E.,  Jr Care  Thomas  Iron  Co.,  Hokendauqua,  Pa. 

TiTSWORTH,  Frederick  S.,  Min.  Engr.,  Atty.,  Care  Titsworth  &  King, 

446  Equitable  Bldg. ,  Denver,  Colo. 

Traylor,  Samuel  W 30  Church  St,  New  York,  N.  Y. 

Trimble,  A.  J **The  Montclair,"  Pine  and  Taylor  Sts.,  San  Francisco,  Cal. 

Underwood,  Arthur  J 622  Merchants  Trust  Bldg.,  Los  Angeles,  Cal. 

V  ALL  AT,  Benjamin  W Care  Northwestern  Iron  Co.,  Mayville,  Wis. 

*Vaughan,  Rupert  F.^  Met,  Totak  Gold  Mining  Co.,  Menado  Residency, 

Celebes,  Ned.  India.     '09. 

ViNicoMBE,  R.  E.  B ...PostRestaute,  Vladikafkas,  So.  Russia. 

VoGELSTEN,  LuDwuG 42  Broadway,  New  York,  N.  Y. 

Walter,  E.  W 719  Mining  Exch.  Bldg.,  Denver,Colo. 

Warn,  John  E.,  Mine  Supt Bermajin,  N.  S.  W.,  Australia. 

W'arren,  Henry  L.  J.,  Ref.  Librarian,  Public  Library Denver,  Colo. 

W^ARTENWEiLER,  Fred Napa,  Cal. 

Webster,  Paul  W 448  Equitable  Bldg.,  Baltimore,  Md. 

Wentz,  John  L 127  So.  22d  St,  Philadelphia,  Pa. 

Wetherby,  William  J Alma,  N.  M. 

Wetmore,  E.  a Joplin,  Mo. 

White,  Maunsel,  Cons.  Engr.  and  Met.,  New  Orleans  Roofing  &  Metal  Wks., 

P.  O.  Box  741,  New  Orleans,  La. 

WicKES,  George  T Care  Mrs.  J.  F.  Winslow,  Poughkeepsie,  N.  Y. 

WiLDiHO,  James,  Jr 9  Queen  St,  Newcastle-on-Tyne,  England. 

Wiley,  W.  Murdoch,  Care  C.  L.  Constant  Co.,  42  Broadway,  New  York,  N.  Y". 

WiLLSON,  Frederick  E Santa  Barbara,  Cal. 

Wishon,  a.  Emory Coalinga,  Cal. 

Woods,  Francisco  J Apartado  161,  Oaxaca,  Oax.,  Mexico. 

WooLRiCH,  Arthur  H.,  Civ.  and  Min.  Engr Box  27,  Oaxaca,  Oax.,  Mexico. 

Addresses  of  Members  and  Associates  Wanted. 

>'&me.  Last  Address  on  Records,  from  which  Mall  has  been  Returned. 

Alexander,  George  E., Sparta,  Ore. 

Andersen,  Carl, Johnnie,  Nev. 

Badger,  Harry  S., Goldboro,  N.  S.,  Can. 

Bartoccini,  Astolfo, 214  E.  90th  St,  New  York,  N.  Y. 

Bassett,  Thomas  B., Cumpas,  Sonora,  Mexico. 


xxii  Monthly  Bulletin,  No.  38,  February,  1910. 

Batchelder,  Joseph  F., 54  Ut  St,  Portland,  Ore. 

BeUam,  Henry  L., Reno,  NeT. 

BoQchelle,  James  F., 22  Dunoan  Ave.,  Jeney  City,  N.  J. 

Brown,  Frank  H., Coppermoant,  Alaska. 

Campa,  Joee, Mexico  City,  Mexico. 

Ciagoe,  A.  Spencer, Vencedora,  Mexico. 

Daniel,  Mark, United  Elkhom  Mines,  Baker  City,  Ore. 

Derby,  Harry  S.,    . 134  Monroe  St,  Chicago,  lU. 

Dickson,  George  H., Lethbridge,  Alberta,  Canada. 

Donnewald,  Albert  H., 3709  Finney  Ave.,  St  Louis,  Mo. 

Dougherty,  Clarence  E 41  Wall  St,  New  York,  N.  Y. 

Downs,  M.  E. 26  Broad  St,  New  York,  N.  Y. 

Ekberg,  Benjamin  P., Johannesburg,  Transvaal,  So.  Africa. 

Field,  WUfrid  B., Mexico  City,  Mexico. 

Foster,  Lewis  £., Utah  Copper  Co.,  Garfield,  Utah. 

Gaines,  Ambrose  P., Dayton  Coal  &  Iron  Co.,  Dayton,  Tenn* 

Gee,  Emerson, Reno,  Nev. 

Geppert,  Richard  M., Bay,  Ariz. 

Hand,  Carlton  H., Butte,  Mont 

Hawkins,  Tancred, Ballydehob,  Ireland. 

Herr,  Irring, 47  Prentiss  St.,  Cambridge,  Mass. 

Hodge,  Benjamin, St.  Francis  Hotel,  Denver,  Colo. 

Hunt,  Thatcher  R., Iron  Mt,  via  Keswick,  CaL 

Jewett,  Eliot  C, 2918  Morgan  St,  St  Louis,  Mo. 

Kow,  Tong  Sing, Shanghai,  China. 

McCan,  E.  K., Braden  Copper  Co.,  Graneros,  Chile,  S.  A. 

McGregor,  J.  Murray, Tokyo,  Japan. 

Mildon,  Reginald  B., Nacozari,  Son.,  Mexico. 

Mills,  Ronald  V.  A., 20  Union  Sq.,  New  York,  N.  Y. 

Moulton,  Herbert  G., Cobalt,  Ont,  Can. 

Muir,  Thomas  K., Portland,  Ore. 

Nicholas,  Ralph Avino  Mines,  Gabriel,  Dur.,  Mexico. 

Parrish,  Samuel  F., Georgetown,  Idaho. 

Perkins,  Walter  G., McGill,  Nev. 

Piper,  John  W.  H., Buenos  Ayres,  Argentine  Rep.,  S.  A. 

Potter,  J.  A., 41  W.  124th  St,  New  York,  N.  Y.' 

Sandifer,  Harmer  C, El  Oro,  Mexico. 

Schneider,  Albert  F., 112  Riverside  Drive,  New  York,  N.  Y. 

Scott,  Winfield  G., Long  Beach,  Cal. 

Skelding,  Joseph  F., Embreeville,  Tenn. 

Thomas,  Richard  A. 43  Wall  St ,  New  York,  N.  Y. 

Vidler,  Louis  W., Lookout  Mountain,  Colo. 

Wilson,  Odell, Shingle,  Cal. 

Wolfe,  Burton  L., Ely,  Nev. 

Young,  William, Kenora,  Ont,  Canada. 

Necrology. 

The  deaths  of  the  following  members  have  been  reported  to 
the  Secretary's  office  during  the  month  of  January,  1910 : 
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Bate  of 

Blecdon.  Name.  Date  of  Decease. 

1887.  *Arthur  Brock, December  23,  1909. 

1895.  fFayetie  Brown, Januaiy  20,  1910. 

1894.  *Jame8  W.  Fuller, January  15,  1910. 

1884.  ^KXtokar  Hofmann, December  24,  1909. 

1905.  ^Herbert  H.  light, December  28,  1909. 

1900.  *Josiah  Owen, December  19,  1909. 

1899.  *H.  A.  Shipman, January  2, 1910. 

1907.  *Wafred  F.  Wheeler, November  18,  1909. 

1900.  ♦Alfred  F.  Wuengch, January  21,  1910. 

Biographical  Notices. 

Arthur  Brock  was  born  Nov.  8,  1850,  at  Philadelphia,  Pa» 
After  a  preliminary  education  at  private  schools,  he  entered,  in 
1867  or  1868,  the  Philadelphia  Polytechnic  College,  after 
graduating  from  which  he  was  employed  in  the  manufacture  of 
pig-iron  in  Putnam  county,  N.  Y. ;  the  blast-furnace  being  at 
Cold  Spring,  and  the  mines  some  miles  from  that  point.  In 
1874,  he  went  to  Europe,  returning  in  1875  to  become  super- 
intendent of  the  iron  department  of  the  Philadelphia  &  Read- 
ing Coal  &  Iron  Co.  Leaving  the  service  of  this  company  in 
1878,  he  engaged  with  his  brother,  Horace  Brock,  in  the  manu- 
facture of  iron  at  Lebanon,  Pa.  They  acquired  afterwards  a 
controlling  interest  in  the  Pennsylvania  Bolt  &  Nut  Co.,  which 
was  subsequently  merged  with  other  iron-manufacturing  com- 
panies into  the  American  Iron  &  Steel  Manufacturing  Co., 
with  works  at  Lebanon  and  Reading,  Pa.  Of  this  company,  Mr. 
Bigock  was  President  for  some  years,  and  afterwards  chairman  of 
the  Board  of  Directors,  until  his  death,  Dec.  23, 1909 — at  which 
time  he  was  Director  of  the  Pennsylvania  Steel  Co.,  Trustee  of 
the  Penn  Mutual  Life  Insurance  Co.,  Director  of  the  Fidelity 
Trust  Co.,  and  officer  of  numerous  other  corporations.  Mr. 
Brock  became  a  member  of  the  Institute  in  1887,  and  sup- 
ported it  loyally  for  22  years,  though  he  never  found  time  to 
contribute  to  its  Transactions  the  result  of  his  long  practical  ex- 
perience, which  might  have  been  invaluable  to  his  fellow-mem- 
bers, but  are  now,  through  his  death,  irrevocably  lost.  May 
others  of  us  imitate  his  honorable  career  in  other  respects,  but 
not  in  this  !— R.  W.  R. 


*  Member.  t  Associate. 
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Fayette  Broion  was  born  Dec.  17,  1823,  at  North  Bloomfield, 
Ohio.  This  town  was  within  the  famous  "  Western  Reserve," 
retained  by  Connecticut  when  that  State  ceded  its  remaining 
claims  upon  Western  territory  to  the  United  States  and  conse- 
quently settled  chiefly  by  New  Englanders,  with  results  of  no 
little  significance  in  the  later  history  of  Ohio.  One  of  these 
pioneers  was  Ephraim  Brown ;  and  the  subject  of  this  sketch 
was  one  of  his  nine  children,  brought  up  in  the  limitations  and 
hardships  of  life  upon  what  was  then  the  frontier  of  civiliza- 
tion, yet  trained  in  the  virtues  and  inspired  by  the  ambitions 
which  create  upright  and  effective  manhood. 

The  inhabitants  of  the  Western  Reserve,  true  to  their  New 
England  traditions,  made  early  provision  for  education ;  and 
Fayette  Brown  went  to  a  district-school,  and  afterwards  to  an 
academy,  supplementing  this  preliminary  course  by  a  single 
year  in  a  Pennsylvania  college;  But  in  1841,  at  the  age  of 
eighteen,  he  was  obliged  to  earn  his  oVvn  living,  and  became  a 
clerk  in  a  mercantile  house  at  Pittsburg.  At  twenty-one,  he 
became  a  member  of  the  firm.  In  1851,  he  removed  to  Cleve- 
land, Ohio,  and  engaged  in  business  there  as  junior  member  of 
a  banking-house,  of  which  he  took  control  in  1857,  conducting 
its  affairs  until  the  outbreak,  in  1861,  of  the  War  of  the  Rebel- 
lion. Accepting  a  commission  in  the  Union  army,  he  served 
for  one  year,  retiring  in  1862,  with  the  rank  of  Major,  to  be- 
come general  manager,  with  headquarters  at  Cleveland,  O.,  of 
the  Jackson  Iron  Co.,  operatting  the  first  iron-mine  opened  on 
a  large  working-scale  in  the  Lake  Superior  region.  The  affairs 
of  this  company  were  managed  by  Mr.  Brown  with  conspicuous 
ability  and  success  until  1887. 

In  1880,  together  with  his  sons,  Harvey  H.  and  Alexander 
E.  Brown,  he  organized  the  Brown  Hoisting  &  .Conveying  Co. 
(later  the  Brown  Hoisting  Machinery  Co.),  which  utilized  the 
inventions  of  his  son  Alexander,  especially  in  the  handling  of 
large  quantities  of  material.  The  Brown  system  became  fam- 
ous throughout  the  world,  and  through  its  installation  at  Cleve- 
land, the  lake  business  of  that  port  was  greatly  facilitated. 
The  system  was  specially  adapted  to  the  unloading,  transfer- 
ring, storage,  and  transportation  of  raw  material  for  the  iron 
manufacture,  and  had  much  to  do  with  the  rapid  increase  in 
the  productive  capacity  of  iron  blast-furilaces  which  character- 
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ized  the  period  following  its  introduction.  In  many  branches 
of  this  business  Mr.  Brown  was  actively  interested.  From 
about  1881  to  1906,  he  was  President  of  the  Union  Steel  Screw 
Co.,  of  Cleveland,  and  he  was  also,  for  various  periods.  Presi- 
dent of  the  G.  C.  Kuhlman  Car  Co.,  the  Stewart  Iron  Co.,  Ltd., 
of  Sharon j  Pa.,  the  National  Chemical  Co.,  of  Cleveland,  and 
Vice-President  of  the  Brown  Steamship  Co.,  engaged  in  lake- 
transportation.  One  of  his  most  noteworthy  achievements, 
illustrating  his  technical,  commercial,  and  administrative  ability, 
was  his  management  of  the  furnaces  and  rolling-mills  of  the 
bankrupt  concern  of  Brown,  Bonnell  &  Co.,  Youngstown,  O. 
Taking  charge  of  these  works  iu  1883,  he  operated  them  as  re- 
ceiver for  nine  years,  during  which  period  he  paid  all  creditors 
in  full,  placed  the  business  on  a  firm  financial  footing,  and  not 
only  conserved  but  improved  the  property  and  plant.  This  re- 
markable performance  naturally  excited  wide  attention  and 
praise.  The  company,  reorganized  at  the  close  of  his  receiver- 
ship as  the  Brown-Bonnell  Iron  Co.,  is  now  a  part  of  the  Re- 
public Iron  &  Steel  Co. 

Though  not  a  professional  engineer,  Mr.  Brown  was  intelli- 
gently aware  of  the  value  of  technical  training,  and  also,  by 
virtue  of  native  ability  and  long  practical  experience,  well-in- 
formed and  wise  in  many  technical  matters.  He  joined  the 
Institute  in  1875,  only  four  years  after  its  formation,  and  at  a 
time  when  it  future  growth  and  usefulness  depended  upon  the 
co-operation  of  such  men.  Though  he  modestly  preferred  to 
be  elected  as  an  Associate,  he  was  fully  qualified  by  his  execu- 
tive connection  with  many  metallurgical  and  engineering  en- 
terprises to  be  a  member.  The  famous  discussion  in  1890-91 
of  American  blast-furnace  practice,  aroused  by  the  paper  of  Mr. 
James  Qayley,  on  "The  Development  of  American  Blast-Fur- 
naces" (TVans.y  xix.,  932),  began  with  the  meeting  of  the  Iron 
and  St^el  Institute  in  the  United  States,  but  continuing  after 
Iheir  visit  was  over,  clearly  brought  out  and  thoroughly  ex- 
plained the  revolutionary  improvements  introduced  by  Ameri- 
can ironmasters,  and  still  regarded  with  doubt  by  their  British 
brethren.  To  that  discussion,  at  the  Cleveland  meeting  of 
June,  1891,  Mr.  Brown,  then  still  in  charge  of  the  iron-works 
at  Johnstown,  contributed  a  brief  account  of  the  practice  at 
those  works,  which  showed  that,  though  he  was  nominally  but 
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a  businesB  manager  appointed  by  a  court,  he  knew  what  was^ 
going  on  under  his  management,  and  was  willing  to  commu- 
nicate technical  details  for  the  benefit  of  other  ironmasters. 
To  the  hearty  co-operation  of  such  men,  the  Institute  is  in- 
debted more  than  words  can  express ;  but  that  is  no  reason  for 
omitting  words  altogether ;  and,  as  long  as  I  enjoy,  as  Secre- 
tary, the  mournful  privilege  of  preparing  obituary  notices, 
especially  of  the  old  members  and  associates  to  whom  we  owe 
so  much,  I  shall  not  fail  to  recognize,  though  it  be  impossible 
to  repay,  that  obligation. 

Mr.  Brown's  active  career  was  very  long.  When  he  died, 
Jan.  20, 1910,  he  was  a  little  more  than  86  years  old.  He  had 
been  ill  for  six  months,  and  during  a  considerable  portion  of 
that  period  had  suffered  much,  though  his  death,  at  the  last^ 
was  painless  and  peaceful.  Since  1905,  he  had  been  gradually 
relieving  himself  of  business  cares;  but  no  man  who  has  been 
so  active  for  so  long  a  time  can  get  rid  of  all  responsibilities 
at  once;  and  many  things  inevitably  required  his  attention  and 
advice  so  long  as  he  was  able  to  give  such  service.  But,  taking 
no  account  of  the  considerable  activities  of  these  last  five  years, 
we  have  before  us  the  record  of  64  years  of  continuous,  useful, 
successful  work,  unbroken  by  failure,  unstained  by  fault,  and 
crowned  with  the  affection  and  acclamation  of  a  great  com- 
munity, and  of  the  still  wider  circle  of  a  great  industry. — 
E.  W.  R. 

Wilfred  F.  Wheeler  was  born  May  28, 1882,  at  Walden,  N.  Y., 
and  was  graduated  in  1905  as  mining  engineer  from  the  Uni- 
versity of  Kansas.  After  a  brief  period  of  service  upon  the 
Illinois  State  Water  Survey,  he  was  appointed,  in  September, 
1906,  an  assistant  in  the  Industrial  Division  of  the  Department 
of  Chemistry  of  the  University  of  Illinois,  and  placed  in  charge 
of  the  investigation  of  the  coals  of  Illinois.  In  the  perform- 
ance of  this  work,  he  evinced  a  remarkable  facility  and  ac- 
curacy of  laboratory-work,  together  with  unusual  insight  into 
the  practical  problems  presented,  and  the  bearing  upon  them 
of  laboratory  experiments. 

Mr.  Wheeler  became  a  member  of  the  Institute  in  1907,  and 
immediately  demonstrated  his  interest  in  its  work  by  present- 
ing, at  the  Toronto  meeting  in  July  of  that  year,  a  highly  sug- 
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gestive  and  valuable  paper  on  "  Pure  Coal  as  a  Basis  for  the 
Comparison  of  Bituminous  Coals  "  (7Vaw5.,  xxxviii.,  621).  An- 
other paper  from  his  pen,  on  "  The  Weathering  of  Coal,"  was 
published  in  the  BirMonthly  Bulletin  of  the  Institute  for  Novem- 
ber, 1908,  and  will  be  found  in  the  next  volume  of  Transactions^ 
now  in  press  (Trans, ^  xl.,  56).  In  co-operation  with  Prof.  S. 
W.  Parr,  Mr.  Wheeler  prepared  also  bulletins  and  monographs, 
elsewhere  published,  on :  "An  Initial  Coal  Substance  Having 
a  Constant  Thermal  Value;  "  '^Alterations  of  the  Composition 
of  Coal  During  Ordinary  Laboratory  Storage ;  "  "  The  Deterior- 
ation of  Coal ;  "  "A  Series  of  Parallel  Determinations  with  the 
Mahler  and  Parr  Calorimeters;  "  "The  Ash  of  Coal,  and  Its 
Relation  to  Actual  or  Unit  Coal- Values ;  "  "A  Comparison  of 
Methods  for  the  Determination  of  Sulphur  in  Coal;  "  and  "  Unit- 
doal  and  the  Composition  of  Coal-Ash."  These  evidences  of 
his  professional  ability  and  industry  intensify  the  regret  with 
which  we  record  his  death,  Nov.  18, 1909,  at  the  age  of  27,  and 
after  only  three  years  of  useful  and  brilliant  work.  Yet  in  that 
brief  period  he  made  his  mark ;  and  he  will  not  be  forgotten 
"by  future  students  of  the  field  in  which  he  wrought. — R.  W.  R. 

Alfred  F.  Wuensch  was  born  July  29, 1855,  at  Marietta,  Ohio. 
Without  special  preparatory  professional  training,  he  made  his 
way  to  Colorado,  where  in  1879  he  found  employment  as  a 
journalist,  and  was  necessarily  obliged  to  acquire  some  acquaint- 
ance with  mining  and  metallurgical  affairs.  His  ambition  to 
increase  that  knowledge  was  aided  by  professional  friends ;  and 
in  1883  he  was  qualified  by  study,  observation,  and  practical 
experience  to  take  the  position  of  assayer  and  superintendent 
ofaconcentrating-works  at  Santa  Barbara,  Chihuahua.  In  1884, 
he  became  connected  as  a  consulting  engineer  with  Messrs. 
Moffat  &  Smith,  mining  operators,  of  Denver,  and  remained 
in  that  relation  to  the  end  of  his  life.  From  1888  to  1890,  he 
was  employed  as  economic  geologist  by  the  Union  Pacific  & 
Rio  Grande  R.  R.  companies,  and,  from  1896  to  1908,  was 
engaged  in  general  practice  as  a  consulting  mining  engineer, 
giving  his  time  chiefly  to  the  mining  interests  of  D.  H.  Moffat 
and  the  First  National  Bank  of  Denver,  Colo.  When  he  joined 
the  Institute  in  1900,  he  was  manager  of  the  Louisville  and 
-Colorado  No.  2  Mines  at-  Leadville,  having  his  residence  at 
Denver.     He  died  suddenly  at  Albuquerque,  Jan.  21,  1910. 
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The  Geology,  Mining,  and  Preparation  of  Barite  in 
Washington  County,  Missouri.* 

BY  A.  A.  STEEL,  t  FAYEITEVILLE,  ARK. 

(Spokane  Meeting,  September,  1909.) 

During  the  summer  of  1905  I  was  employed  by  the  U.  S. 
Geological  Survey  to  investigate  the  geology,  mining,  and  prep- 
aration of  barite  in  most  of  the  fields  of  the  United  States. 
"The  Eastern  districts  have  been  more  or  less  completely  de- 
scribed ;  the  Virginia  field  in  detail  by  Thomas  L.  Watson,  in 
his  paper,  Geology  of  the  Virginia  Barite-Deposits,^  and  other 
fields  in  abstract,  including  statistics  of  production  and  refer- 
ences to  current  literature,  by  various  authors.*  There  have  also 
been  published  a  few  details  of  the  occurrence  of  barite  in  the 
lead-mines  of  Washington  county.  Mo.*  The  other  accounts 
•of  this  district  are  erroneous  and  meager,  and  since  this  field 
is  the  most  important  one  in  the  United  States  at  the  present 
time,  a  detailed  description  of  the  local  geology  seems  doubly 
desirable. 

Barite-deposits  are  scattered  over  nearly  the  whole  of 
Washington  and  adjoining  counties,  but  the  product  is  all 
mined  from  the  areas  indicated  upon  the  sketch-map,  Fig.  1, 
and  is  shipped  from  the  stations  of  the  St.  Louis,  Iron  Moun- 
tain &  Southern  railway,  between  Blackwell  and  Potosi,  from 
45  to  60  miles  SW.  of  St.  Louis. 

The  topography  is  for  the  most  part  gently  rolling,  with 
slightly  graded  streams,  usually  less  than  200  ft.  below  the 
higher  hill -tops.  Along  Mineral  fork  and  Indian  creek  are 
some  steep  blufits  and  cliffs,  affording  good  exposures  of  the 


*  Published  bj  permission  of  the  Director  of  the  United  States  Geological 
Purvey. 

t  Professor  of  Mining,  University  of  Arkansas. 

'  Trans.,  xxxviii.,  710  to  733  (1908). 

'  Mineral  Industry^  vols,  ii.,  viii.,  z.,  ziii.,  ^y.,  and  zvi.,  under  the  caption 
-''Barytes." 

'  Report  of  the  Missouri  Oeologieal  Survey,  vol.  vii.  (1894). 
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Fig.  1. — Sketch-Map  op  a  Part  of  Washington  and  Adjoining  CorNTiEB, 

Missouri,  Showing  Barite-Begions. 

(Bedrawn  from  the  De  Soto.  Bonne-Terre,  and  Potosi  Topographic  Sheets. ) 

Scale,  1  in.  =  4  miles. 

formation.  Nearly  all  the  rest  of  the  area  is  covered  to  a  depth 
of  from  5  to  40  ft.  with  residual  clay  containing  chert>  barite, 
etc.     This  over-burden  greatly  interferes  with  the  study  of  the 
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bed-rock,  which  is  exposed  only  at  intervals  in  stream-beds,  in 
a  few  barite-pits,  and  in  those  lead-mines  which  have  not  been 
abandoned. 

I.  Geology. 

1.  The  Formation  and  Filling  of  Cavities  in  Dolomite, — The  Gas- 
conade limestone  (of  Missouri),  of  Ordovician  age,  forms  the 
underlying  rock,  and  is  the  source  of  the  barite,  which  is  now 
mostly  dug  from  its  residual  clay.  This  rock  has  been  quite 
uniformly  shattered,  presumably  by  dolomitization,  since  it 
contains  from  40  to  50  per  cent,  of  magnesium  carbonate  and 
is  full  of  small,  irregular,  and  non-continuous  cracks.  Those 
which  have  not  been  greatly  enlarged  by  water  are  usually 
less  than  1  in.  wide  and  2  ft.  long.  Many  are  very  short. 
They  have  been  shown  by  diamond-drilling  to  extend  to  a  depth 
of  more  than  600  ft.,  and  are  independent  of  the  larger  defor- 
mation of  the  strata,  which  are  either  level  or  only  gently 
folded. 

A  detailed  study  of  the  country-rock  shows  a  rather  complex 
series  of  geological  changes.  After  the  first  shattering  under 
the  obscure  conditions  of  dolomitization,  the  northern  part  of 
the  district  was  raised  to  the  zone  of  solution.  During  this 
time  some  of  the  small  cracks  were  connected,  forming  long 
branching  caves,  generally  from  2  to  12  ft.  wide  and  from  6  in. 
to  3  ft.  high,  and  scattered  irregularly  through  the  rock  at  all 
levels.  Several  are  from  300  to  500  ft.  long,  and  the  main 
channels  have  a  general  NW-8E.  direction  and  pitch  slightly 
NW.  Since  caves  formed  at  this  time  are  found  only  in  the 
north,  a  differential  elevation  of  the  region  may  be  assumed. 

At  a  time  of  depression  the  caves  were  next  coated  quite 
uniformly  with  chalcedony  and  then  with  clear  quartz  crystals  up 
to  0.5  in.  long.  At  the  same  time  quartz  was  deposited  in  the 
small  vug-like  cavities  which  had  not  been  enlarged.  There 
is  much  quartz  as  far  south  as  Bust's  Mill,  and  a  less  amount 
beyond  Potosi. 

Ulrich  *  speaks  of  this  quartz  as  "  drusy  chert."  Some  of  it 
occurs  in  cavities  in  chert,  but  much  of  it  is  in  contact  with 
clean  dolomite,  and  at  Ricar,  near  Racola,  two  quartz-lined, 
barite-fiUed  caves  are  connected  by  a  strip  of  brecciated  car- 


«  BvU^in  No,  267,  U.  S.  Qtological  Survey  (1905). 
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bonate  rock  cemented  with  clear  quartz,  etc.  It  is  therefore 
assumed  that  most  of  the  small  cavities  were  formed  before  the 
deposition  of  the  quartz,  and  probably  after  the  formation  of 
the  chert. 

It  is  believed  that  the  faulting  and  extensive  Assuring  of  the 
district  was  the  next  event  after  the  deposition  of  the  quartz. 
Some  of  these  fissures  now  filled  with  barite  are  free  from 
crystallized  quartz  and  intersect  the  quartz-lined  caves,  so  this 
fissuring  is  clearly  later  than  the  quartz-deposition.  These 
cracks  are  sometimes  in  intersecting  groups  like  stockworks, 
but  are  more  often  long  straight  fissures,  sometimes  traceable 
for  several  hundred  feet  upon  the  surface  and  occasionally 
exposed  by  mining  to  a  depth  of  from  60  to  100  ft.  without 
closing  up. 

In  many  parts  of  the  field  crusts  of  galena  were  deposited 
upon  the  quartz,  and  also  upon  the  bare  walls  of  the  fissures. 
Three  carloads  of  copper-ore,  mostly  as  carbonate  but  with 
some  chalcopyrite,  were  shipped  from  Bliss.  According  to 
Robert  McClay,  this  ore  was  found  in  a  single  cave  next  the 
quartz,  and  therefore  corresponds  in  age  with  the  earliest  galena. 
(No  other  occurrences  of  copper  were  noted  in  this  field.) 
After  this  deposit  of  sulphides  the  remaining  space  of  all  of 
the  larger  quartz-lined  caves  and  of  the  fissures  was  completely 
filled  with  white  barite,  which  cleaves  into  curved  plates  resem- 
bling those  of  albite.  In  many  places  masses  of  galena  are 
scattered  through  the  barite,  which  indicates  that  the  deposi- 
tion of  the  sulphides  continued  iafter  the  first  barite  was 
brought  in. 

Other  localities  outside  of  Missouri  show  quartz  crystals  on 
barite  groups,  and  even  pieces  of  quartz  showing  casts  of 
barite  which  has  been  dissolved  by  weathering.  Since  these 
specimens  are  durable,  and  a  somewhat  careful  search  failed  to 
find  any  of  them,  it  seems  safe  to  conclude  that  most  of  the 
quartz  was  deposited  before  any  of  the  barite.  (Winslow  re- 
ports specimens  from  Washington  county  showing  a  thin  deposit 
of  quartz  upon  galena,  but  these  must  be  very  exceptional. 
Specimens  of  barite  upon  quartz  are  very  plentiful.) 

What  is  thought  to  be  a  second  period  of  shattering  seems 
to  have  followed  this  first  deposition  of  barite.  Openings  of 
this  second  set  are  scattered  among  the  others  and  are  entirely 
free  from  quartz,  which  would  naturally  have  affected  all  then- 
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existing  openings  before  completely  sealing  so  many  of  the 
small  vugs.  The  brecciated  appearance  of  the  rocks  at  New 
Diggings  and  other  places,  as  well  as  the  angular  shape  of  some 
of  these  cavities  and  their  great  irregularity  and  number,  seems 
to  preclude  the  idea  that  they  were  formed  wholly  by  sub- 
aerial  solution.  On  the  other  hand,  they  do  not  represent 
breceiation  by  movements  of  the  strata,  and  are  therefore 
assumed  to  have  attended  the  final  dolomitization  of  the  rock. 

After  the  second  shattering,  both  sets  of  openings  were  sub- 
jected to  enlargement  by  water.  A  few  of  the  first  set  had  the 
quartz  coating  loosened,  but  most  of  these  and  some  of  the 
second  set  were  unaffected.  At  the  next  submergence,  the 
larger  cavities  in  the  north  were  completely  filled  with  barite, 
and  those  south  of  Little  Mill  creek  were  coated  with  dolo- 
mite crystals  of  larger  size  in  the  larger  openings.  The  ends 
and  feeder-cracks  of  the  smaller  openings  were  completely 
filled  by  this  dolomite  and  occasionally  some  calcite.  Since 
dolomite  would  not  be  readily  deposited  upon  the  quartz,  and 
would  be  easily  weathered  off,  the  relative  age  of  the  two  sets 
of  openings  is  assumed  from  the  entire  absence,  in  the  latter, 
of  quartz  showing  casts,  or  found  on  crystals,  of  dolomite. 

A  few  cavities  still  lined  with  dolomite  crystals  were  seen  at 
Potosi  and  New  Diggings,  and  dolomite  crystals  were  abundant 
in  the  southern  part  of  the  field,  as  shown  by  the  casts  upon  the 
back  of  the  barite  groups.  Since  there  is  no  evidence  of  crys- 
tallized dolomite  in  the  northern  part  of  the  field,  another 
difierential  movement  may  be  assumed. 

Since  the  dip  of  the  strata  is  about  parallel  to  the  present 
surface,  and  the  amount  of  residual  deposit  merely  varies  with 
the  local  topography,  we  cannot  explain  the  difference  in  the 
dolomite  by  differential  erosion.  Published  analyses  show  no 
important  regional  variation  in  the  amount  of  magnesium  in 
the  rock. 

In  a  few  places  the  dolomite  was  followed  by  a  layer  of  mar- 
casite,  then  there  was  a  general  deposition  of  barite  upon  both 
the  dolomite  and  marcasite.  This  barite  was  never  seen  com- 
pletely filling  the  dolomite  crystal-cavities,  but  is  in  the  form 
of  sheaves  of  crested  crystals.  The  marcasite  was  seen  at  New 
Diggings,  where  mining  in  the  bed-rock  was  still  being  carried 
on.     In  other  places  it  is  represented  by  occasional  layers  of 
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hard  limonite  upon  the  backs  of  residual  barite  groups.  More 
rarely  there  are  shots  of  limonite  imbedded  in  the  barite,  show- 
ing an  overlap  in  the  time  of  deposition. 

The  dumps  at  New  Diggings  show  many  specimens,  with 
marcasite  followed  by  barite  directly  upon  the  massive  dolo- 
mite, and  a  few  with  barite  upon  the  crystals  of  dolomite  with- 
out marcasite.  Unfortunately,  the  original  relations  could  not 
be  determined,  since  this  shaft  was  full  of  water.  In  most 
other  places  barite  in  less-continuous  crusts  is  common  directly 
upon  the  dolomite.     With  the  barite  is  often  a  little  galena. 

After  this  second  general  deposition  of  barite,  the  entire 
region  seems  to  have  been  raised  to  the  zone  of  solution.  In 
the  north  new  caves  were  opened  along  the  old  ones  which 
have  a  floor  or  roof  of  the  earlier  barite.  There  are  also  many 
small  separate  openings  still  free  from  filling,  which  at  times 
suggest  a  third  period  of  brecciation,  but  they  are  generally 
continuous,  like  small  caves.  In  the  south,  among  the  cavities 
containing  dolomite  crystals  are  also  many  of  these  small  open- 
ings, and  some  large  caves  free  from  quartz  and  dolomite. 
These  were  probably  formed  at  the  same  time  of  general  eleva- 
tion by  the  solution  of  some  of  the  dolomite  linings  or  the  en- 
largment  of  new  joints  or  fractures. 

This  third  set  of  caves  was  then  submerged,  and  in  them 
were  deposited  a  few  large  groups  of  crested  barite,  occasion- 
ally including  cubes  of  galena  or  studded  with  them.  This 
barite  is  attached  directly  to  the  decomposed  clay-coated  walls 
of  the  caves,  and  seems  to  be  secondary.  In  some  of  these 
caves  the  walls  were  coated  in  places  with  small  calcite  crystals. 
Winslow  reports  one  large  scalenohedron  of  calcite  imbedded 
in  barite  at  Potosi.  At  Richwoods  were  seen  cross-sections  of 
caves  with  old  barite  floors  and  completely  filled  with  calcite 
which  will  cleave  into  rhombohedra  6  in.  on  a  side.  There 
are  other  caves  now  above  water-level,  with  the  old  barite  floor 
thickly  strewn  with  eroded  scalenohedra  of  calcite,  and  with 
the  roof  studded  with  smaller  barite  groups  and  calcite  crystals. 
These  caves  are  apparently  free  from  stalactites,  and  the  calcite 
and  barite  have  therefore  been  deposited  below  water-level. 

At  a  slight  depth  below  water-level  the  barite  groups  seem 
to  be  finished  by  a  layer  of  very  small  needle-like  crystals  of 
barite.     They  are  still  later  coated  in  places  with  a  stain  of 
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limonite,  which  does  not  collect  on  the  other  minerals.  This 
resalt  is  probably  caused  by  the  attraction  of  barium  sulphate 
for  ferric  salts,  which  makes  it  necessary  to  remove  the  iron 
from  solutions  before  precipitating  the  barium  in  quantitative 
analysis. 

At  a  greater  depth,  at  New  Diggings,  there  are  recent  contem- 
poraneous deposits  of  galena,  clear  ruby  sphalerite,  and  barite 
upon  the  older  barite.  This  last  barite  is  in  small,  pure  white 
sheaves  and  seems  to  be  still  growing. 

The  weathering-surface  of  the  bed-rock  intersects  many  of 
the  caves,  which  are  then  filled  by  a  recent  deposit  of  fine  red 
clay.  This  obscures  the  relationship  of  the  minerals  in  many 
of  the  exposures  of  bed-rock.  It  is,  of  course,  the  last  of  the 
cave-deposits. 

It  is  possible  that  the  second  set  of  fractures  (those  lined 
with  dolomite)  may  have  been  formed  before  the  first  introduc- 
tion of  barite  into  the  fissures.  In  favor  of  this  is  the  failure 
to  find  any  dolomite  upon  barite,  while  barite  is  frequently 
found  upon  dolomite.  When  they  are  associated,  the  marcasite 
is  later  than  the  dolomite,  and  generally  older  than  the  barite. 

As  to  the  first  reason,  dolomite  is  so  soluble  that  it  would 
•during  subsequent  changes  be  easily  removed  from  the  barite. 
It  would  also  deposit  upon  the  abundant  massive  dolomite  or  its 
own  crystals  rather  than  upon  the  barite,  and  if  the  first  set  of 
fissures  were  entirely  filled  with  barite  no  dolomite  could  be 
•deposited  upon  it  All  barite  which  showed  casts  of  dolomite 
was  in  the  form  of  sheaves  or  incomplete  fillings  of  openings, 
and  probably  later  than  the  first  barite  deposited.  As  to  the 
second,  there  are  in  immediate  association  specimens  without 
the  marcasite  and  others  without  the  dolomite  crystals.  This 
I  am  unable  to  explain. 

As  evidence  that  the  fissures  were  filled  with  barite  before 
the  second  brecciation  of  the  rock,  there  are  straight  and  some- 
times branching  fractures  entirely  filled  with  clean  massive 
barite  in  contact  with  fresh  unaltered  walls,  and  in  their  im- 
mediate vicinity  many  irregular  cavities  lined  with  dolomite 
and  only  partly  filled  with  barite  in  scattered  sheaves. 

Besides  those  fractures,  which  I  have  seen,  Mr.  Robertson  • 
describes  such  a  fissure  near  Potosi  intersecting  "  absolutely 

*  Report  of  the  Missouri  Geological  Survey ^  vol.  vii.,  p.  679  (1894). 
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unaltered"  rock,  which  was  followed  to  a  depth  of  60  ft. 
The  rock  was  full  of  quartz-cavities,  but  dolomite  was  not 
mentioned.  On  page  678  he  mentions  another  fissure  near 
the  Bugg  shaft,  near  Potosi,  in  rock  with  dolomite-lined  cavities. 
This  fissure  contained  lead  and  barite,  but  had  been  aftected 
by  later  solutions.  It  was  from  0  to  10  ft.  wide,  more  than 
112  ft.  deep,  and  1,800  ft.  long.  Such  sharp  fractures  would 
not  be  likely  to  form  in  a  rock  so  full  of  cavities  poorly 
cemented  with  dolomite,  and  containing  quite  large  and  irregu- 
lar openings.  On  the  other  hand,  if  fissures  filled  with  barite 
were  already  present,  they  would  resist  the  shattering  and 
would  obstruct  the  dolomite  solutions,  and  so  tend  to  prevent 
intersections  of  the  two  sets  of  openings.  No  intersections 
were  found,  but  there  were  only  a  few  exposures  for  study. 
Many  of  these,  however,  showed  dolomite  openings  near  the 
barite-fissures. 

It  is  also  difficult  to  understand  how  these  fissures  could  be 
so  completely  filled  and  the  other  sort  of  openings  receive  only 
scattered  deposits  if  both  existed  at  the  time  of  the  introduction 
of  the  barite.  Even  those  fissures  that  have  been  enlarged  by 
solution  show  slabs  of  barite  which  evidently  once  completely 
filled  a  smaller  opening.  In  the  north,  where  there  are  good  ex- 
posures, the  presence  of  a  few  scattered  barite  sheaves  of  later 
growth  upon  the  walls  of  reopened  caves  with  barite  floors  and 
feeders  shows  clearly  that  barite  has  been  deposited  at  more  than 
one  period  of  submergence,  with  at  least  one  elevation  of  the 
region  intervening.  Specimens  were  also  found  showing  barite 
sheaves,  probably  of  the  second  period,  growing  upon  the  clean 
outer  surface  of  drusy  quartz,  with  apparently  later  barite  con- 
tinuing the  growth  over  upon  the  iron-stained  back  of  the 
quartz.  This  proves  an  extensive  interval  of  solution  between 
periods  of  barite-deposits.  The  barite-fissures  are  found  over 
an  extensive  area,  and  are  clearly  independent  of  the  some- 
what local  crystallization  of  dolomite. 

It  seems  more  probable,  therefore,  that  the  first  main  intro- 
duction of  barite  was,  as  stated,  before  the  formation  of  the 
dolomite-lined  cavities. 

2.  Summary  of  the  Geological  History  of  Washington  County. — 
In  Archaean  time  the  St.  Francois  mountains  of  Missouri  were 
formed  of  red  granite  and  porphyry,  with  dikes  of  a  basic  rock* 
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Daring  a  long  pre-Cambrian  period  they  weathered  to  a  low 
irregular  dome  with  outlying  promineneeB.  During  this  time 
the  veins  of  iron-ore  were  formed,  and  they  were  otherwise 
affected  by  circulating  solutions.  During  Cambrian  and  later 
times  they  were  probably  never  wholly  submerged,  but  sedi- 
ments were  deposited  upon  their  flanks  and  in  the  valleys,  all 
dipping  roughly  parallel  to  the  old  land-surface.  The  first 
sediments  are  of  land-wash  and  contain  in  places  the  bedded 
iron-ores,  which  were  succeeded  by  limestones  with  local  beds 
of  sandstone  and  many  unconformities  and  other  evidences  of 
oscillation  in  level.  Washington  county  has  been  land-surface 
continuously,  or  only  submerged  for  brief  intervals,  from  Car- 
boniferous or  possibly  earlier  time  to  the  present.  During  this 
period  there  was  much  erosion,  and  the  outlying  granite  knobs 
of  the  Archaean  mountains  were  exposed  in  southern  Wash- 
ington  county. 

Some  time  after  the  deposition  of  the  Gasconade  limestone, 
the  chert  was  formed  in  it.  Later,  the  rock  was  rather  minutely 
fractured  over  a  wide  area,  and  the  region  along  Mineral  fork 
and  Indian  creek  raised  sufficiently  to  permit  the  formation  of 
many  small  limestone  caves.  The  entire  region  was  then  sub- 
merged and  all  existing  openings  lined  with  quartz.  There 
was  next  a  rather  severe  Assuring  and  faulting,  followed  by  the 
introduction  of  barite  with  more  or  less  lead,  copper,  and  iron 
sulphides  and  probably  some  zinc  sulphide. 

This  period  was  followed  by  another  shattering,  which  was 
less  pronounced  in  the  northern  part  of  the  county.  Many  of 
these  new  fractures  were  soon  enlarged  by  water,  and  near 
Potosi  the  country  was  lowered  and  the  openings  lined  with 
dolomite  crystals,  which  were  followed  in  a  few  places  by  a 
layer  of  marcasite,  and  generally  by  barite  in  scattered  sheaves^ 
which  usually  also  formed  upon  the  marcasite.  After  the  mar- 
casite was  deposited,  the  lowering  seems  to  have  become  more 
general,  and  the  few  caves  in  the  northern  part  of  the  field  were 
rather  completely  filled  with  barite. 

A  general  elevation  followed  this,  and  the  large  and  small 
caves  were  formed  throughout  the  barite-field.  Upon  the  next 
submergence,  a  little  barite  was  deposited  in  them  in  isolated 
groups  along  with  more  metallic  sulphides.  Calcite  in  double- 
pointed  scalenohedra  was  also  deposited  at  this  time  or  soon 
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afterwards.  When  in  contact  with  oxidizing  solutions,  the  free 
surface  of  the  barite  became  coated  with  limonite,  which  is 
usually  the  last  deposit  from  solution. 

At  intervals  ever  since  the  first  introduction  of  the  barite, 
the  massive  dolomite  has  been  dissolved  by  weather,  and  the 
barite  and  galena  and  other  insoluble  matter  has  accumulated 
in  residual  deposits.  The  fine  part  of  this  is  generally  washed 
into  those  caves  which  came  to  the  surface  of  the  rock. 

3.  Comparison  vnth  Other  Districts, — All  of  the  barite  of 
"Washington  county  has  clearly  been  deposited  in  free  open 
spaces.  It  is  all  very  white,  rather  soft,  and  either  in  poorly- 
cleavable  masses  from  completely-filled  openings,  or  in  sheaves 
with  ridged  surfaces.  When  attached  by  the  side,  these  groups 
are  spindle-shaped,  but  more  commonly  they  are  attached  at 
one  end  and  are  roughly  heart-shaped.  They  weigh  up  to  20 
lb.  each,  and  cleave  like  the  massive  barite.  E'o  one  has  seen 
or  heard  of  clear  or  translucent  barite,  or  any  of  the  common 
tabular  crystals,  occurring  in  this  county. 

At  Morrilton,  Franklin  county,  just  beyond  this  field,  is  one 
nearly-vertical  cave,  60  by  100  ft.  in  section,  filled  with  very 
unctuous  clay  containing  groups  of  beautiful  blue,  square, 
tabular  crystals  of  barite,  sometimes  weathered  white  on  the 
edges  and  sometimes  attached  to  pieces  of  chert.  In  this  clay 
were  also  found  a  few  large  barite  stalactites  covered  with  fine, 
colorless,  tabular  crystals  of  barite.  Aside  from  this  occur- 
rence, all  the  barite  seen  in  the  central  counties  of  Missouri 
was  in  the  form  of  "  slabs,"  which  had  completely  filled  flat 
caves,  or  groups  of  vertical  fissures.  Winslow  mentions  blue 
barite  crystals  upon  the  dumps  of  the  Virginia  mine  in  Franklin 
county. 

In  the  fluorspar-region  of  Crittenden  and  Caldwell  counties, 
Ky.,  there  are  some  few  veins  of  barite  containing  strontium,  and 
mixed  with  fluorite  and  white  calcite.  At  the  time  of  my  visit 
no  barite  was  being  mined  there.  Some  details  of  this  occur- 
rence have  been  given  by  F.  Julius  Fobs.*  A  complete  account 
will  soon  be  published  in  another  bulletin  by  the  same  author, 
which  will  include  an  account  of  the  barite  of  central  Kentucky. 

Near  Cleveland,  Tenn.,  and  in  western  Virginia,  most  of  the 

•  Bulletin  No,  9,  Kentucky  Geological  Survey  (1907). 
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barite  fills  groups  of  fissures  and  not  caves  in  the  Knox  dolo- 
mite, and  there  has  been  a  great  deal  of  metasomatie  replace- 
ment of  the  wall-rock.  At  Honaker,  Va.,  there  are  some  small 
masses  of  sulphur  in  the  barite,  as  well  as  iron  sulphide.  At 
Sweetwater,  Tenn.,  in  the  center  of  the  belt,  some  barite  has 
incompletely  filled  fissures,  as  in  Washington  county,  Mo.  It 
was,  however,  in  the  form  of  uniform  layers  or  crusts  upon  the 
walls  with  imperfect,  small,  tabular  crystals  on  the  surface. 
Here  also  was  a  much  larger  amount  of  earlier  marcasite  and 
some  contemporaneous  fluorite. 

Further  east  in  North  Carolina  and  Virginia  the  barite  is 
quite  translucent,  and  is  said  to  occur  in  distinct  fissures  in 
gneiss,  quartzite,  or  sandstone.  At  Evington,  Va.,  the  barite 
seems  to  have  replaced  parts  of  lenses  of  marble  in  a  micaceous 
schist.^  The  mines  were  so  largely  abandoned  that  all  the 
exact  relations  could  not  be  worked  out  at  the  time  of  my 
visit. 

4.  Origin  of  the  Barite, — The  origin  of  the  barite  has  been 
discussed  only  by  Mr.  Winslow,  of  the  Missouri  Geological 
Survey.  He  thinks  that  the  barite,  together  with  its  associated 
lead  and  zinc,  has  accumulated  through  the  agency  of  descend- 
ing solutions,  gathering  the  barite  from  the  weathering  of  the 
dolomitic  rock.  In  favor  of  this  hypothesis  is  the  presence  of 
appreciable,  although  very  small,  amounts  of  barite  in  the  do- 
lomite (from  0.001  to  0.005  per  cent.) ;  the  assumed  absence 
of  definitely-proved  fissures  extending  to  great  depths;  the 
long  period  and  considerable  amount  of  denudation ;  the  evi- 
dence of  the  Plat  River  lead-mines;  and  the  stalactites  ot 
barite  in  Franklin  county. 

On  the  other  hand,  Winslow  himself  says  that  both  the  por- 
phyry and  llie  granite  in  the  southern  part  of  Washington  county 
and  beyond  show  barite  in  visible  amounts.  (He  especially 
mentions  the  porphyry  at  Hogan,  Iron  county.)  It  seems  safe, 
therefore,  to  assume  that,  in  common  with  most  igneous  rocks 
in  which  it  has  been  determined,  these  rocks  contain  barite  in 
much  greater  proportion  than  does  the  dolomite.  (No  printed 
reports  of  the  quantitative  determinations  of  the  percentage  of 
barium  oxide  in  these  rocks  can  be  found.)     These  Archsean 

^  Watson,  T.  L.     Geology  of  the  Virginia  Barite-Deposits,  Trans.f  xxxviii.,. 
717  to  719  (1903). 
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rocks  underlie  the  entire  region,  and  would,  therefore,  prove 
an  adequate  source  for  the  barium  of  the  barite,  which  they 
have  brought  from  still  deeper  regions. 

Clarke's  tables  of  rock-analyses  ®  give  averages  of  from  0.04 
to  0.06  per  cent,  of  barium  oxide  for  shales,  sandstones,  and 
igneous  rocks,  and  the  analyses  of  two  groups  of  samples 
of  limestones  showed  no  barium  at  all.  Since  even  the 
Potosi  limestone  has  only  less  than  0.005  per  cent  of  barium 
sulphate,  one  would  expect  that,  according  to  the  descension 
hypothesis,  barite  should  be  most  abundantly  present  in  fissures 
or  replaceable  limestone  in  shale-  and  sandstone-districts,  which 
have  been  subjected  to  long  periods  of  weathering.  It  seems 
best  to  assume,  therefore,  that  the  calcium  and  magnesium  car- 
bonate  in  which  the  barite  is  generally  found  simply  serves 
as  a  precipitating-agent  in  which  cavities  could  be  easily 
formed. 

All  of  the  quartz  in  Washington  county  is  older  than  the 
barite.  The  best  explanation  of  this  obvious  quartz-cementa- 
tion requires  alternations  in  the  flow  of  the  water.  In  the 
downward  course  it  dissolves  some  of  that  quartz  which  is 
combined  with  soluble  bases,  and  while  slowly  rising  it  deposits 
quartz  from  cooling  solutions  of  silicic  acid.  Some  barite,  if 
enough  were  present,  would  naturally  have  been  deposited  in 
the  small  vugs  or  as  concretions  in  the  limestone  at  one  or  the 
other  of  these  stages,  for  alternate  slight  solution  and  deposi- 
tion always  make  large  minerals  grow  at  the  expense  of  small 
ones  of  the  same  sort.  This  growth  is  also  due  to  the  greater 
solubility  of  smaller  particles. 

All  the  barite  is  deposited  in  the  larger  or  more  continuous 
openings.  In  a  general  circulation,  according  to  Van  Hise, 
these  are  channels  of  rising  currents.  At  any  rate,  they  are 
the  channels  of  rapid  movement  At  a  time  of  elevation  of  the 
land,  the  rapid  movement  would  be  downwards,  but  the  solution 
could  not  then  become  saturated  with  barite  at  the  suface,  and 
there  are  no  signs  of  the  deposition  of  the  barite  in  caves  whose 
walls  were  being  dissolved,  a  result  which  would  be  noticeable 
on  the  backs  of  barite  sheaves.  At  a  time  of  depression,. 
.  stored  solutions  would  flow  rapidly  upwards  and  finally  into  old 
caves,  etc.    This  is  clearly  the  stage  in  which  the  barite  was  de- 

«  Bulletin  Xo.  108,  IL  S.  Geological  Survey  (1900). 
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posited.  (The  solution  may  have  received  its  barite  in  the 
belt  of  weathering,  but  its  saturation  would  then  indicate  stag- 
nation below.) 

In  Franklin  county,  just  north,  are  many  definite  veins  of 
galena  and  barite  in  fault-fissures.  At  the  Virginia  mine*  a 
fault  striking  N.  20®  W.,  carrying  usually  from  18  to  24  in.  of 
barite  undiminished  below,  was  opened  to  a  depth  of  480  ft. 
and  a  length  of  1  mile.  Here  is,  therefore,  at  least  one  fissure 
which  undoubtedly  extends  to  suflSicient  depth  to  reach  the 
igneous  rocks.  There  are  many  other  faults,  probably  also 
deep. 

In  Tennessee  there  are  single  fissures,  and  especially  groups 
of  intersecting  fissures,  in  which  there  has  been  much  meta- 
somatic  replacement  of  the  walls.  Until  more  work  has  been 
done  upon  the  conditions  of  solubility  of  barite,  it  is  unreason- 
able to  suppose  that  solutions  saturated  with  barite  in  the  belt 
of  weathering  could  descend  through  dolomite  all  the  way,  and 
at  greater  depth  be  able  to  dissolve  more  dolomite  and  precipi- 
tate barite  in  its  place.  It  may,  therefore,  be  concluded  that 
these  fracture-zones  extend  to  a  deep  source  of  barite.  In 
Missouri,  the  amount  of  denudation  has  been  but  a  fraction  of 
that  in  the  Tennessee  valley,  especially  if  that  accomplished 
pre\nous  to  the  deposition  of  the  quartz  be  deducted.  There- 
fore, in  Missouri  the  tops  of  the  barite-veins  are  found,  while 
in  Tennessee  the  bottoms  are  seen.  The  differences  are  simi- 
lar to  those  between  the  tops  and  bottoms  of  gold-veins.  The 
similar  Washington  county  fracture-zones  probably,  therefore, 
extend  to  equal  depths. 

The  difficulty  of  the  metasomatic  replacement  of  a  rock 
by  a  totally  different  chemical  compound  and  by  solutions 
already  saturated  with  the  same  rock-constituents  by  a  long 
downward  course  through  the  rock,  applies  with  even  greater 
force  to  the  Plat  River  lead-ores,  which  generally  replace  the 
country-rock  most  abundantly  in  the  dolomite  stratum  nearest 
the  Archsean  rocks  beneath. 

The  barite  stalactites  at  Morrilton,  and  others  mentioned  by 
Winslow  as  occurring  in  Franklin  county,  have  clearly  been 
formed  by  descending  solutions,  but  these  may  have  obtained 

•  Report  of  the  Missouri  Qeologioal  Survey y  vol.  vii.,  p.  696  (1894). 
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their  barite  from  the  weathering  of  earlier  veins  filled  from 
below.  The  stalactites  were  afterwards  coated  with  perfect 
tabular  crystals.  Since  all  the  barite  crystals  of  Washington 
county  are  of  the  crested  type,  and  the  massive  barite  is  not 
Btalactitic,  it  is  quite  apparent  that  the  Washington  county 
barite  was  deposited  under  different  conditions,  though  not 
necessarily,  therefore,  by  rising  solutions. 

Most  of  the  barite  of  Missouri  at  all  stages  of  deposition  is 
contemporaneous  with  more  or  less  galena,  which  has  the  same 
order  of  solubility.  It  is  seldom,  if  ever,  contemporaneous 
with  calcite,  and  rarely  with  dolomite.  This  indicates  a  sepa- 
rate source  or  time  of  solution  of  the  carbonates  and  the  barite. 
The  carbonates  in  Washington  county  would  naturally  come 
from  the  zone  of  solution. 

In  Kentucky,  the  barite  is  contemporaneous  with  white  cal- 
cite, but  there  it  is  also  clearly  contemporaneous  with  fluorite, 
and  obviously  in  fissure-veins  derived  from  below,  and  associar 
ted  with  igneous  dikes  (0.06  per  cent,  of  barium  oxide,  BaO). 

Van  Hise  ^°  says  that  fluorite  weathers  to  calcite.  Therefore 
the  presence  of  a  little  fluorite  in  the  barite  of  the  Knox  dolo- 
mite and  of  much  fluorite  in  the  barite  of  Caldwell  county,  Ky., 
proves  that  the  veins  in  these  carbonate-regions  were  filled  by 
solutions  from  below.  Unfortunately,  no  especial  search  was 
made  for  fluorite  in  the  barite  of  Missouri,  because  this  asso- 
ciation in  the  other  regions  was  not  known  to  me  at  the  time 
the  field-work  was  done.  It  is  certainly  not  common.  I  have 
observed  argentiferous  galena  in  a  gangue  of  massive  barite  of 
Missouri  type,  filling  fissure-veins  in  granite  and  porphyry,  in 
the  White  mountains  of  New  Mexico.  The  walls  of  these 
veins  had  been  extensively  altered  to  sericite,  and  they  were 
obviously  filled  from  below.  Similar  instances  of  barite  com- 
ing from  below  and  quoted  in  the  literature  could  be  multiplied 
almost  indefinitely.  Thus  there  is  nothing  strange  about  the 
process. 

The  same  dolomite  covers  a  wide  area  of  Missouri.  In  many 
places  it  seems  to  lack  an  excess  of  unfilled  caves  and  fissures, 
but  in  Washington  county  at  least  there  are  a  great  many  of 
even  the  oldest  quartz-lined  openings  entirely  without  barite. 


*•  Treatue  <m  Mdamorphinnf  p.  373  (1904). 
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Stilly  the  barite  occurs  in  decidedly  limited  patches,  often  long 
and  narrow.  One  man's  field  may  yield  2,500  tons  of  barite 
per  acre  from  the  residual  soil,  while  another  just  across  the 
road  will  have  practically  no  barite.  This  seems  to  be  the  most 
decisive  proof  that  the  barite  came  in  through  fissure-zones 
firom  below,  rather  than  from  the  uniform  dolomite  present 
everywhere. 

Much  barite  and  galena  are  now  disintegrating  in  the  resid- 
ual soil,  and  some  barite  doubtless  goes  into  solution  and  is 
precipitated  immediately  below.  This  probably  accounts  for 
the  apparent  present  continuance  of  the  formation  of  barite 
crystals.  Barite  is  soluble  to  the  extent  of  from  23  to  40  parts 
in  10,000,000  parts  of  water,  depending  upon  its  fineness.  It 
is,  however,  somewhat  readily  soluble  in  strong  solutions  of 
carbonates  in  the  presence  of  carbonic  acid.  Its  solubility 
under  these  conditions  increases  rapidly  as  the  pressure  of  car- 
bon dioxjde  increases,  which  would  tend  to  prevent  the  precipi- 
tation of  barite  from  descending  solutions.  The  influence  of 
the  increasing  amount  of  magnesium  carbonate  presents  an  un- 
known factor  which  makes  chemical  speculations  idle.  Barite, 
however,  does  not  suifer  solution  by  oxidation  at  the  surface 
and  precipitation  by  reduction  below  the  zone  of  solution,  as 
does  galena. 

The  evidence,  therefore,  seems  conclusive  that  the  barite 
originally  came  from  below.  The  barite-bearing  granites  and 
porphyries  of  Archflean  age  are  not  very  deeply  buried  in 
Washington  county,  so  the  faults  certainly  extend  down  into 
them  and  they  afford  a  convenient  source.  In  pre-Algonkian 
time  these  rocks  were  greatly  aftected  by  solutions,  and  the 
visible  barite  may  have  been  then  concentrated  or  brought  in 
from  the  basic  dikes  intrusive  in  them. 

Since  all  the  igneous  rocks  suffered  a  long  period  of  weather- 
ing before  the  Cambrian  and  later  sediments  were  put  down, 
magmatic  water,  etc.,  could  have  had  no  immediate  part  in  the 
introduction  of  the  barite,  which  with  the  Washington  and 
Franklin  county  galena  must  then  have  been  brought  up  by 
rising  trunk-currents  of  the  circulation  of  meteoric  water,  some 
of  which  fell  upon  the  igneous  rocks  of  the  St.  Francois  moun- 
tains, which  were  always  free  from  Palaeozoic  rocks  and  higher 
than  the  Washington  county  sea-  or  land-level. 
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5.  Present  Condition  of  the  Barite. — As  the  dolomite  became 
dissolved  the  barite  accumulated  with  the  clay,  flint,  and  other 
residual  material.  Commonly  the  barite  is  somewhat  concen- 
trated at  a  depth  of  from  2  to  6  ft.,  probably  the  lower  limit  of 
the  disturbance  of  the  soil  by  frost  and  other  agencies.  Above 
this,  the  clay  contains  an  unusual  amount  of  flint  or  chert  uni- 
formly scattered  through  it. 

Beneath  the  first  bed  of  barite  the  clay  seems  more  undis- 
turbed and  the  barite  is  scattered  irregularly  through  it.  Most 
of  the  slabs  of  barite  have  fallen  over  and  are  now  horizontal, 
and  there  is  likely  to  be  a  little  more  barite  immediately  above 
the  bed-rock.  The  upper  part  of  the  weathered  dolomite  is 
soft  and  crumbly  and  is  often  called  sandstone.  Some  of  the 
larger  slabs  of  barite  are  dug  from  this  until  it  becomes  too 
hard.  Near  the  bed-rock  the  barite  is  quite  hard,  more  nearly 
translucent,  and  contains  iron-stains  only  upon  the  surface. 

Near  tKe  surface  the  barite  is  commonly  not  much  softened, 
but  thin  layers  of  limonite  are  deposited  in  the  cleavage-planes, 
along  which  the  barite  breaks  up.  When  very  dark  and  pur- 
plish this  barite  is  sold  at  half  price  as  No.  2,  or  "  battle  ax," 
on  account  of  the  difficulty  of  bleaching  it.  There  is  a  little 
which  is  deep  yellow  all  through.  It  was  said  that  this  stain 
was  not  due  to  iron  and  could  not  be  removed  by  sulphuric 
acid  in  the  bleaching-process,  even  by  those  mills  which  grind 
before  they  bleach.  It  cannot  therefore  be  sold.  Laboratory- 
tests  show  that  the  stain  is  only  iron  and  clay,  and  perfectly 
soluble  in  rather  strong  sulphuric  acid.  Frequently,  quite  a 
lot  of  barite  of  walnut-size  is  found  near  the  bottom  of  the 
flint-zone. 

In  places  the  lumps  of  barite  adhere  to  a  good  deal  of  chert 
which  probably  once  projected  from  the  walls  of  the  caves. 
Upon  other  specimens  are  shells  of  hard,  dark  limonite,  called 
^'  metallic  iron,"  and  representing  weathered  marcasite.  Both 
the  flint  and  the  iron  can  be  chopped  off  with  a  hatchet.  The 
quartz  crusts,  called  "  mineral  blossom,"  are  so  irregular  and 
so  frequently  included  in  the  barite  that  they  cannot  be  chopped 
oft,  and  reduce  the  grade  to  No.  2,  because  the  resulting  grit  is 
especially  objectionable  in  the  barite  floated  for  pigment. 
Where  there  is  much  mineral  blossom  the  barite  is  therefore 
not  mined.     A  little  barite  which  probably  once  contained 
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fitrontium  sulphate  is  now  very  soft  and  dazzlingly  white.     It 
is  sticky  in  the  grinding-mills  and  cannot  be  sold. 

In  each  particular  locality  the  miners  have  more  or  less 
reasonable  theories  as  to  the  occurrence  of  the  barite  along 
certain  leads.  At  Bliss  there  certainly  are  long  straight  bands 
of  barite  running  NW.  and  representing  old  cave-fiUings. 
These  bands  are  only  from  20  to  50  ft.  apart,  or  closer  than 
the  caves,  due  to  the  great  vertical  concentration  caused  by  the 
solution  of  the  limestone.  In  most  places  the  barite  seems  to 
have  been  derived  from  groups  of  caves  or  fissures,  and  it  is 
rather  uniformly  distributed,  though  often  irregular,  crooked, 
richer  streaks  can  be  followed  through  the  elongated  patches. 
The  method  of  mining  by  rows  of  pits  usually  accounts  for  the 
idea  of  leads.  There  is  also  no  uniform  ratio  between  the 
amounts  of  barite  and  of  galena,  for  some  of  the  best  barite- 
patches  yield  very  little  galena,  and  vice  versd. 

II.  The  Mining  Industry. 

1.  Amount  of  Barite  Available  and  the  Output, — The  entire 
area  is  very  irregularly  supplied  with  barite,  which  is  commonly 
mined  in  patches  from  10  to  15  acres  in  size.  The  longest 
single  patch  is  at  Mineral  Point,  where  the  crest  of  a  low  ridge 
has  been  mined  almost  continuously  from  50  to  300  ft.  wide  for 
a  distance  of  half  a  mile.  The  barite,  or  "  tiflf,"  as  it  is  called 
by  the  miners,  is  mostly  mined  from  cleared  farm-fields,  which 
showed  a  little  barite  upon  plowing  and  were  accordingly  pros- 
pected. The  patches  are  therefore  most  frequently  upon  the 
slopes  of  the  hill-sides,  where  the  barite  is  likely  to  be  exposed. 
There  are  probably  several  good  patches  in  the  woods  which 
have  not  yet  been  found,  although  the  country  has  been  pros- 
pected for  more  than  a  century. 

James  Long,  of  Potosi,  the  largest  and  oldest  shipper  of 
barite,  estimates  that  of  the  entire  area  of  about  100  sq.  miles, 
one-tenth  is  workable  barite-land.  The  best  fields  have  pro- 
duced from  2,500  to  4,000  tons,  which  is  probably  only  about 
one-half  the  barite  they  contain.  The  average  field,  under  the 
present  system  of  mining,  yields  about  600  tons  per  acre  to  a 
depth  of  8  ft.,  or  about  100  lb.  per  cubic  yard,  but  it  takes  many 
years  to  produce  this  amount,  and  very  few  fields  have  been 
anything  like  exhausted  as  yet.    Upon  this  basis  of  estimate, 
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the  probable  total  yield,  without  a  change  in  mining-methods, 
will  be  about  4,000,000  tons,  or  more  than  a  century's  supply, 
if  we  count  new  discoveries  equivalent  to  the  amount  already 
taken  out. 

Every  little  country  store  accepts  barite  in  exchange  for  sup- 
plies, but  it  is  all  shipped  through  half  a  dozen  contractors. 
The  total  amount  shipped  was  given  as  88,046  tons.  Nearly 
all  of  this  was  first-class  barite,  and  sold  for  f4.35  per  ton  at 
the  shipping-point,  or  $5  at  St,  Louis.  In  1905,  the  price  was 
reduced  to  $4.10,  at  which  it  now  stands.  The  royalty  to  the 
owner  of  the  land  is  quite  uniformly  50  cents  per  ton,  but  is 
80  cents  on  one  especially  good  field,  and  as  low  as  15  cents 
when  very  far  from  the  railroad.  The  miners  get  as  much  as 
$2.75  a  ton  when  much  cleaning  is  necessary,  but  usually  from 
$2.20  to  $2.50,  and  only  $1  a  ton  at  Richwoods,  from  which 
the  wagon-haul  costs  $2.50.  The  haul  usually  costs  from  25  to 
50  cents  a  ton,  and  the  contractor  gets  the  rest.  Farm-land 
containing  barite  in  some  of  the  fields  sells  at  $35  an  acre, 
which  is  not  much  different  from  its  farming-value.  Wild  land, 
from  which  the  best  timber  has  been  cut,  is  worth  only  from 
$2  to  $8  an  acre.  Some  land  next  to  the  railroad-siding,  and 
all  containing  a  little  barite,  was  bought  at  $60  per  acre.  One 
10-acre  field  near  Potosi  has  yielded  a  royalty  of  $200  per  acre 
each  year  for  10  years,  and  a  neighboring  field,  which  is  sup- 
posed to  be  just  as  good,  is  still  farmed  and  held  in  reserve* 
About  400  miners  are  supported  wholly  by  the  barite  industry, 
besides  those  engaged  in  hauling,  etc.  So  far  as  I  could  as- 
certain, these  men  do  practically  no  farming,  although  it  is  sa 
stated  in  the  books. 

2.  Mining-Operations, — A  little  barite  is  still  produced  from 
mines  extending  below  water-level  into  bed-rock,  but  only 
when  associated  with  enough  lead  to  pay  expenses.  The  small 
scale  of  this  work  and  the  inexpensive  plant  form  a  striking 
contrast  to  the  great  mines  at  Flat  River,  a  few  miles  east 
Each  shaft  usually  follows  a  vertical  fissure  until  a  cave  is 
reached,  when  a  drift  only  8.5  or  4  ft.  high  is  driven  along  the 
little  horizontal  stringer  of  galena  and  barite,  which  is  com- 
monly less  than  6  in.  thick  and  carries  about  25  per  cent  of 
lead.  Deposits  having  a  cave  above  or  below  are  naturally 
preferred,  since  the  cost  of  blasting  is  reduced,  and  in  addition 
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large  crystals  of  galena  frequently  occur  upon  the  surface,  from 
which  they  are  easily  cobbed  off*.  The  little  ore-streaks  are 
followed  as  long  as  they  nearly  pay  expenses,  since  they  some- 
times lead  to  large  and  profitable  bodies  of  ore. 

Most  of  the  barite  is  dug  from  the  residual  clay.  The  com- 
mon plan  is  to  sink  a  pit,  3  ft.  in  diameter,  to  a  depth  of  from 
6  to  9  ft.,  to  the  first  lean  clay  below  the  upper  barite-layer. 
The  miner  then  selects  the  richest  side  of  the  shaft,  which  he 
digs  out  beneath  the  upper  clay,  which  is  rather  barren  for  from 
8  to  6  ft.  below  the  surface.  In  this  way  he  "  drifts  "  as  far  as 
he  thinks  is  safe,  usually  from  4  to  8  ft.  Up  to  this  stage  all  of 
the  clay,  flint,  and  barite  loosened  is  hoisted  in  a  small  bucket 
by  a  primitive  hand- windlass ;  but  the  miner  usually  sorts  out 
the  barite,  which  he  recognizes  from  flint  only  by  its  greater 
weight,  since  it  is  completely  covered  with  tough  red  clay. 
When  the  flrst  drift  is  finished  all  the  waste  from  the  new 
drifts  is  shoveled  into  it,  and  the  miner  digs  other  drifts  wher- 
ever the  ground  looks  good,  so  that  the  working  soon  resem- 
bles an  inverted  mushroom. 

When  the  first  hole  is  finished,  another  is  started  in  the  di- 
rection that  looks  best,  at  such  a  distance  that  the  safe  drift 
backward  will  just  connect  with  the  old  workings  and  give  a 
little  ventilation.  The  second  hole  is  exhausted  as  before  and 
a  third  one  dug  beyond.  This  plan  produces  a  more  or  less 
regular  row  of  pits,  and  gives  rise  to  the  theory  of  leads. 
When  a  lean  place  is  struck  the  lead  is  said  to  have  given  out, 
and  another  row  of  holes  is  started,  until  finally  they  are 
scattered  over  an  old  field  like  the  squares  of  a  checker-board, 
and  perhaps  one-half  of  the  barite  is  removed. 

I  have  heard  of  no  accident  attending  the  mining,  and  since 
many  of  these  holes  remain  open  for  years,  in  spite  of  the 
rain,  it  seems  probable  that  the  length  of  the  drift  is  not  lim- 
ited by  safety,  but  rather  by  the  distance  reached  by  daylight, 
and  the  greater  convenience  of  working  near  the  shaft,  which 
about  balances  the  labor  of  sinking  a  new  pit  with  the  ordi- 
nary amount  of  covering.  Owing  to  the  tendency  to  imitate, 
the  size  is  the  same  whether  there  is  2  ft.  or  6  ft.  of  barren 
cover. 

When  the  upper  layer  of  barite  has  been  exhausted,  or  the 
field  is  very  rich,  the  pits  are  sunk  deeper.     In  summer,  when 
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the  ground  is  cooler  than  the  air,  the  ventilation  ia  poor,  so 
that  the  pits  are  Beldom  deeper  than  from  15  to  18  ft.  In  win- 
ter they  go  to  bed-rock,  or  Boraetiraes  more  than  80  ft.  These 
deeper  pits  are  often  worked  like  the  others.  The  more  intel- 
ligent miners  generally  drive  drifts  from  4  to  6  ft^  high  for  8 
or  10  ft.  in  three  directions,  as  shown  in  Fig.  2,  and  connect 
the  ends  so  as  to  leave  pillars.  The  roof  is  then  caved  or 
sloped  upwards  and  the  waste  left  on  the  floor.  As  the  space 
fills  up  and  the  old  workings  are  approached  the  area  is  de- 


Fio.  2.— Cross-'^bctios  or  Deeper  Baritb-Workinus. 

creased.  The  new  pit  is  sunk  so  close  to  the  last  forward  drift 
that  but  little  drifting  is  required  to  make  the  air-connectiou. 
The  connection-drift  is  often  stoped  from  the  second  shaft.  By 
careful  work  four-fifths  of  the  area  covered  by  the  row  of  work- 
ings can  be  mined ;  but  since  the  drifts  are  stopped  wherever 
the  ground  looks  poor,  and  the  pillars  are  larger  than  the  drifts, 
and  the  stopes  decrease  in  size  upwards,  more  than  one-half  or 
two-thirds  of  the  ground  is  seldom  mined.  Since  one  row  of 
pits  is  driven  without  regard  to  the  others,  and  a  good  deal  of 
pillar  must  be  left  between  rows,  at  beat  only  a  small  percent- 
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age  of  the  barite  is  recovered.     Indeed,  so  much  is  left  that  I 
saw  no  field  of  pits  which  was  said  to  be  worked  out. 

As  the  price  paid  for  mining  increases,  men  will  dig  around 
among  the  old  workings,  in  spite  of  the  annoyance  of  striking 
old  drifts,  even  where  the  pits  have  been  sunk  to  bed-rock. 
This  shows  that  much  barite  is  lost  between  the  pits.  There 
is  also  a  loss  due  to  the  irregularities  in  the  surface  of  the  bed- 
rock and  the  caving-iii  of  unfinished  holes  by  rain.  Since  the 
miner  leaves  the  poorer  parts,  the  loss  of  barite  is  not  as  great 
as  the  percentage  of  ground  unworked.  In  a  field  rather  care- 
fully worked  to  bed-rock  it  was  roughly  estimated  that  half 
the  barite  was  lost. 

While  one  man  digs  the  barite,  his  partner  or  wife  stays  on 
top  to  work  the  windlass,  and  with  a  small  tomahawk-shaped 
hatchet  cleans  the  barite  of  the  clay,  the  worst  iron-stain,  and 
any  flint  that  may  adhere  to  it.  In  summer  a  rough  sun-shade 
of  branches  is  built. 

Most  of  the  clean  barite  is  in  lumps,  weighing  from  3  lb.  (large 
fist-size)  to  20  lb.,  and  the  finer  stuff  is  thrown  away,  except 
near  the  railroad.  Here  the  small  pieces  at  the  top  of  the  barite- 
layer  are  piled  upon  the  ground,  where  the  weather  loosens 
some  of  the  clay.  This  barite  is  later  cleaned  in  a  tumbling- 
barrel  or  "  rattle-box,"  and  shipped  as  second  grade  on  account 
of  the  larger  amount  of  iron-stain  upon  it.  The  rattle-box, 
shown  in  Fig.  3,  is  a  strong  box,  18  by  30  in.  by  10  in.  deep,  with 
a  slat  bottom  and  the  ends  thickly  studded  with  strong  spikes 
driven  through  from  the  outside.  On  the  sides  are  uprights 
of  2-  by  4-in.  pieces,  forming  legs  1  ft.  long  and  handles  3  ft. 
long.  From  100  to  150  lb.  of  small  and  thoroughly  dried 
barite  is  shoveled  into  the  box,  which  is  then  rocked  upon  the 
feet  by  two  men.  When  the  end  of  the  box  strikes  the  ground, 
the  barite  is  thrown  forcibly  against  the  spikes  until  all  the 
clay  is  knocked  off  and  falls  through  the  slats. 

The  miners  receive  from  $1.60  to  $2.75  per  ton  for  cleaned 
barite,  and  by  working  6  hr.  per  day  a  pair  will  usually  earn 
from  $6  to  $7  in  5  days.  Since  they  can  live  a  week  upon  this 
amount,  they  seldom  earn  more  than  $8  in  a  single  week,  and 
when  a  rich  spot  is  struck  they  spend  the  time  loafing  and 
drinking  up  the  excess  earnings.  When  the  ground  is  lean 
they  work  longer. 

[21] 


106 


UEOLOQY,  MININQ,  AND   PREPARATION    OF   BARITE. 


The  miners  are  usually  the  most  ignorant  "  gumbo  French/' 
and  speak  no  language  but  their  own  French  dialect,  and  there- 
fore resist  any  change  in  the  system  of  mining.  Their  scheme 
has  the  advantage  of  all  <<  gopher  "  mining,  that  the  minimum 
of  barren  material  need  be  handled.  When  the  over-burden 
is  thick,  this  method  is  probably  as  good  as  any,  if  controlled 
oy  an  efficient  superintendent  who  would  see  that  the  pits  are 
regularly  spaced,  except  where  there  are  real  leads.  The  drifts 
could  generally  be  higher  and  longer  with  advantage. 

The  Point  Mining  &  Milling  Co.  installed  a  pneumatic 
cleaning-pick  and  a  mechanical  washer,  and  tried  to  buy  un- 
cleaned  barite  at  a  lower  price.     By  having  one  top-man  for 


Fig.  X — *' Rattle- Box"  for  Cleaning  Fine  Barite. 

two  diggers,  the  miners  earned  more  money  upon  this  basis; 
but  they  did  not  want  to  work  in  threes,  and,  according  to  the 
old  arrangement,  the  top-man  has  plenty  of  time  to  clean  the 
barite.     Therefore  this  machinery  is  not  now  used. 

Some  of  the  better  farming-land  will  not  be  released  for 
barite-mining,  since  the  pits  and  dumps  ruin  the  land.  Occa- 
sionally the  top  layer  of  barite  in  a  small  field  is  mined  out 
rapidly  and  more  systematically,  and  the  miners  are  required 
to  put  the  waste  material  into  the  pit  immediately  behind. 
When  the  larger  stones  are  put  in  first,  this  mining  improves 
the  land. 

In  two  or  three  cases  fields  having  but  little  stripping  were 
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mined  by  advancing  a  trench  6  ft.  deep  across  them  sidewise. 
This  method  gives  much  better  recovery,  and  affords  a  good 
opportunity  of  placing  the  best  soil  on  top,  and  would  be  used 
oftener,  except  that  it  is  hard  to  get  the  miners  to  work  for 
day's  pay,  and  constant  supervision  is  required. 

One  large  company,  now  bankrupt,  wasted  a  good  deal  of 
money  upon  a  traction-engine  and  wooden-rail  tramways  for 
hauling,  in  competition  with  the  Missouri  mule  in  his  own 
home.  At  the  time  of  my  visit  uncleaned  barite  was  mined  by 
day-labor,  the  clay  washed  off  in  a  patented  trommel-washer,  and 
then  the  iron  and  flint  chopped  oft'  by  hand.  This  system  gave 
a  considerable  saving,  even  though  the  work  was  inefficiently 
managed.  A  little  saving  was  probably  due  to  the  greater 
richness  of  the  newly-opened  field,  but  the  method  is  hopeful. 

At  the  Dufty  farm  a  big  company  undertook  to  work  the 
barite  hydraulically.  The  exact  arrangement  of  the  sluices 
could  not  be  determined.  On  the  gentle  hill-side  above  the 
reservoir  is  a  pit  40  by  80  ft.  and  about  10  ft.  deep  to  bed-rock. 
Everything  seems  to  have  been  well  constructed,  but  the  method 
soon  failed  for  lack  of  water  and  of  fall  to  remove  the  tail- 
ings. A  little  trouble  also  arose  from  the  depressions  in  the 
bed-rock.  There  are  but  few  places  in  this  field  where  there 
will  not  be  trouble  with  tailings.  So  it  is  apparently  better  to 
abandon  sluices,  hydraulic  the  material  over  a  grizzly,  pick  out 
the  barite,  and  remove  the  tailings  by  «ome  sort  of  elevator. 
The  tough  clay  is  hard  to  handle  by  water,  and  labor  is  so  cheap 
that  labor-saving  machinery  may  not  pay. 

The  engineer  of  the  Point  Mining  &  Milling  Co.  was  think- 
ing of  mining  the  residual  soil  with  a  steam-shovel,  running  it 
through  a  trommel  to  shake  loose  the  clay,  and  carrying  the 
refuse  to  the  dump  by  belt>conveyer,  from  which  the  barite 
should  be  picked  by  hand.  This  system  would  be  especially 
adapted  to  the  thicker  level  deposits.  The  daily  output  would 
be  very  great,  and  a  large  crew  of  pickers  would  have  to  be 
organized,  and  there  would  be  some  expense  in  handling  the  tail- 
ings. Since  much  of  the  land  will  yield  from  125  to  250  lb. 
of  barite  per  cubic  yard  of  soil,  and  the  cost  of  mining  uncleaned 
barite  by  present  methods  is  about  f  1.50  per  ton,  this  system 
shows  a  margin  of  from  10  to  20  cents  per  cubic  yard  for  han- 
dling by  steam-shovel,  which  is  not  especially  attractive.     In 
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localities  where  water  is  available,  it  might  be  better  to  treat 
the  soil  in  a  modified  log-washer,  and  pick  out  the  partly-cleaned 
barite. 

In  most  places  the  best  method  of  mining  seems  to  be  to 
strip  the  barren  cover  with  plows  and  scrapers,  and  mine  the 
rest  with  pick  and  shovel,  as  is  done  in  Tennessee  and  in  central 
Missouri,  where  the  deposits  are  smaller  and  richer.  It  had  not 
been  tried  in  Washington  county  previous  to  1905. 

in.  Preparation  for  the  Market. 

1.  The  Barite-MiU  at  Mineral  Poinl. — Previous  to  1905  most 
of  the  barite  of  Missouri  was  prepared  in  the  mill  of  Nulsen, 
Klein  &  Krausse,  and  some  by  J.  C.  Fink  Mineral  &  Milling 
Co.,  both  of  St.  Louis.  The  former  has  a  department  for 
making  floated  barite,  resembling  that  of  the  new  mill  at 
Mineral  Point,  but  a  second-grade  pigmenj;  is  also  made  from 
unbleached  selected  barite.  These  mills  are  not  in  Washington 
county,  and  it  seems  better  to  omit  a  discussion  of  them,  since 
they  are  similar  to  the  many  other  mills  which  have  been  pre- 
viously described. 

During  1904  the  Point  Mining  &  Milling  Co.  invested  about 
$150,000  for  barite-land  and  what  is  claimed  to  be  the  largest 
wet-process  mill  in  the  United  States.  Its  capacity  is  about  35 
tons  of  finished  product  per  24  hr.,  or,  allowing  for  delays, 
about  10,000  tons  per-year.  The  mill  was  designed  by  W.  R. 
Macklind,  who  has  kindly  given  me  the  following  data. 

A  diagram  of  the  operations  at  this  mill  is  given  in  Fig.  4. 

The  barite  is  weighed  upon  a  platform-scale  and  shoveled 
into  the  ore-house,  which  has  a  horizontal  air-drill  with  chisel 
point  for  cleaning  the  flint  and  iron  from  the  barite  when  this 
is  not  done  by  the  miners. 

From  the  ore-house  the  barite  is  shoveled  into  an  11-  by  16- 
in.  Blake  breaker  below  the  floor,  which  reduces  it  to  pieces 
of  1-in.  size.  It  is  then  elevated  to  a  30-ton  bin  at  the  top 
of  the  room,  whence  it  is  taken  to  three  modified  log-washers 
in  series,  in  which  nearly  all  of  thetclay  is  removed. 

The  washed  barite  is  wheeled  across  the  floor  to  two  Mac^k- 
lind  "  slip  "-mills  or  modified  arrastreSy  through  which  a  large 
stream  of  water  flows,  and  floats  the  fine  barite  over  the  edge 
of  the  pan.     This  milky  water  is  raised  to  the  top  of  the  mill 
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by  a  4-in.  centrifugal  pump,  and  fed  through  a  small  screen 
into  12  iron  spitz kasierij  4  by  4  ft.  in  size.  The  oversize  is 
drawn  ofi  through  spigots  at  the  bottom  of  each  box  and  re- 
turned to  the  slip-mills.  The  fine  barite  overflows  opposite 
the  entering  stream  into  one  of  8  settling-tanks,  7  by  9  ft.  in 
size.  The  clear  water  is  siphoned  from  these  tanks  and  re- 
turned to  the  slip-mill.  The  thick  cream-colored  barite  mud, 
which  contains  but  25  per  cent,  of  water,  is  drawn  off  through 
4-in.  plug-valves  and  a  rubber  hose  to  one  of  20  bleaching- 
tanks  on  the  floor  below. 

The  required  amount  of  66  per  cent,  sulphuric  acid  is  added, 
and  the  mass  agitated  and  kept  at  the  boiling-point  by  a  jet  of 
steam  introduced  through  a  lead  pipe.  When  the  barite  be- 
comes white  it  is  drawn  oft' through  a  plug-valve  in  the  bottom, 
and  raised  by  an  acid-egg  to  the  first  of  three  Macklind  con- 
tinuous decantation-washers,  in  which  nearly  all  of  the  free 
acid  is  removed.  From  the  bottom  of  the  last  washer  the 
barite  is  drawn  oft'  to  one  of  two  settling-tanks,  2.6  ft.  deep  and 
10  ft.  in  diameter.  Here  as  much  clear  water  as  possible  is 
siphoned  oft',  and  the  barite  let  down  into  a  storage-tank  pro- 
vided with  an  agitator  to  keep  the  barite  mobile,  since  it  con- 
tains but  15  per  cent,  of  water. 

From  the  storage-tank  the  barite  flows  to  a  Macklind  con- 
tinuous automatic  drier.  A  screw-conveyor  collects  the  pellets 
of  barite  below  the  drier  and  delivers  them  to  a  belt-elevator 
supplying  a  bin  above  a  Williams  hammer-mill  which  pul- 
verizes these  pellets.  The  product  is  packed  in  100-lb.  duck 
sacks,  and  stored  in  a  warehouse  of  3,000  tons  capacity. 

The  mill  is  driven  by  an  18-  by  36-in.  200-h.p.  Fulton-Corliss 
engine,  running  at  75  rev.  per  min.,  and  supplied  with  steam 
at  100  lb.  per  sq.  in.  pressure,  by  two  72-in.  by  18-ft.  return- 
tubular  boilers.  There  are  a  feed-water  heater,  duplicate  feed- 
pumps, etc.  A  35-kw.  direct-connected  Westinghouse  unit 
supplies  current  for  lighting  the  mill,  and  a  Curtiss  belt-driven 
compressor  supplies  the  compressed  air. 

Besides  the  superintendent  and  office-man,  there  are  12 
laborers  at  $1.50  a  day  on  the  two  shifts,  two  slip-mill  men 
at  $2,  one  bleacher  at  $2,  two  engineers  at  $2.50,  and  two  fire- 
men at  $1.75,  all  working  12-hr.  shifts.  At  the  time  of  my 
visit  the  mill  had  not  been  operated  long  enough  to  get  reli- 
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able  data  of  coBts,  and  dctaila  of  operation  were  being  con- 
stantly improved.    The  cost  of  manufacture  is  somewhat  high. 

Much  of  the  machinery  is  standard  and  need  not  be  described. 
Each  unit  of  the  washer  consists  of  a  12-in.  screw-conveyor,  10 
ft.  long,  inclined  at  an  angle  of  20°.  The  housing  of  the  con- 
veyor is  arranged  to  hold  the  water-level  high  enough  to  cover 
two-thirds  of  the  length  of  the  screw.  Above  this  the  barite, 
while  being  stirred  by  the  screw,  is  sprayed  with  about  25  jets 
of  water,  J  in.  in  size,  under  a  45-ft.  head.  The  edge  of  the 
screw-conveyor  has  a  V-shaped  notch,  1.5  in.  deep,  every  4  in., 
which  allows  a  larger  part  of  the  fine  material  containing  the 
most  clay  to  flow  back  again  and  be  rewashed.  At  the  lower 
end  of  the  conveyor  a  strong  jet  of  water  washes  the  mud  and 
a  little  of  the  finest  barite  over  the  edge  of  the  housing.  The 
barite  is  fed  upon  the  lower  end  of  the  first  conveyor  and  dis- 
charged from  the  top  of  the  last  one.  These  washers  have  a 
capacity  of  about  120  tons  of  barite  in  24  hr.,  and  consequently 
are  not  operated  continuously.  Each  unit  requires  about  40 
gal.  of  water  per  minute. 

The  slip-mills  were  designed  and  patiented  by  Mr.  Macklind. 
Briefly,  each  mill  consists  of  a  tub  of  steel,  10  ft.  in  diameter 
and  3  ft.  high,  which  is  paved  with  carefully-cut  blocks  of  Mis- 
souri granite.  Over  this  pavement  are  dragged  four  granite 
blocks,  roughly  triangular,  36  in.  on  a  side  and  18  in.  thick 
when  new.  There  is  a  3-in.  bevel  on  the  bottom  alon^  each 
edge.  A  heavy  three-armed  cap  is  clamped  to  the  top.  This 
cap  has  four  holes  about  6  in.  apart  along  the  leading  side,  and 
the  dragging-arm  is  frequently  changed  from  one  to  the  other 
of  these  to  change  the  direction  of  the  drag  and  prevent  cor- 
rugations in  the  bottom  of  the  stone.  Once  in  about  60  days 
the  cap  is  loosened  and  the  stone  turned  to  present  another 
leading-edge,  which  makes  it  wear  evenly.  At  such  times  the 
bottom  of  the  stone  is  usually  roughened  slightly.  The  stone 
should  last  for  three  years,  but  the  wear  on  the  bottom  of  the 
mill  is  about  twice  as  rapid,  and  is,  of  course,  greatest  at  the 
periphery.  About  once  in  two  years  the  bottom  will  have  to 
be  raised  or  renewed. 

Among  the  new  features  of  this  mill  are  an  unusually  heavy 
spider,  and  an  arrangement  of  a  weight  and  lever  like  a  safety- 
valve,  by  which  any  fraction  of  the  weight  of  the  spider  can 
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be  tranBferred  to  the  stoneB.  This  is  adjusted  to  suit  the  dif- 
ferent grades  of  barite.  The  weight-pin  can  also  be  lengthened 
to  allow  for  the  wear  of  the  stone.  The  rest  of  the  weight  of 
the  spider  is  carried  upon  a  ball-bearing  toe-piece  raised  above 
the  water. 

In  the  old-style  mills  trouble  was  caused  by  the  tendency  of 
the  charge  to  form  a  self-supporting  ring  between  the  stones^ 
which  would  then  rub  upon  the  bottom  and  wear  more  rapidly, 
and  even  at  times  break  the  gear  or  spider  on  account  of  the 
rapidly-increasing  load.  In  this  case  the  mill  had  to  be  stopped 
and  the  ring  laboriously  broken  by  hand.  Mr.  Macklind  cor- 
rected this  diflSculty  by  providing  the  main-shaft  with  a  ball- 
bearing collar,  which  can  be  raised  6  in.  by  a  steam-  or  com- 
pressed-air piston.  This  also  raises  the  stones,  and  the  water 
soon  causes  the  ring  to  collapse.  It  seems  that  this  difficulty 
would  be  avoided  if  the  distance  between  the  stones  were 
made  greater  by  decreasing  their  number  or  increasing  the 
diameter  of  the  mills,  according  to  the  Mexican  style.  Mr. 
Macklind's  scheme,  however,  has  the  incidental  advantage  that 
when  the  stones  are  raided  the  spider  can  be  easily  revolved  by 
hand  for  inspection  or  repairs  or  for  cleaning  out  the  mill.  In 
starting  up  it  can  also  be  brought  to  its  normal  speed  of  20  rev. 
per  min.  by  hand,  so  a  simple  positive  clutch  can  be  used  on 
the  gear. 

When  the  mill  is  grinding  properly,  the  stones  tremble  or 
chatter  noticeably  and  the  gearing  runs  without  noise.  When 
one  of  the  stones  begins  to  rub  on  the  bottom  the  groaning  of 
the  gear  should  be  immediately  noticed  by  the  attendant,  who 
then  raises  the  spider  for  a  moment.  The  mills  should  have 
about  8  in.  of  barite  in  the  bottom,  and  the  attendant  sounds 
them  with  a  rod  to  determine  the  need  of  more  feed,  but  of 
course  soon  learns  how  rapidly  to  shovel  in  the  barite.  At  20 
rev.  per  min.  each  mill  has  a  capacity  of  from  15  to  18  tons 
per  24  hr.,  but  generally  12  or  13  tons  is  ground,  and  this  out- 
put determines  the  capacity  of  the  entire  plant.  About  15  h.p. 
is  required  for  each  mill. 

The  water  flows  through  this  mill  at  the  rate  of  100,000  gal. 
per  24  hr.  This  large  stream  of  water  may  be  necessary  to 
provide  for  an  increase  in  the  capacity  of  the  mill,  but  since 
more  than  40  h.p.  is  required  to  raise  the  water  45  ft.  to  the 
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«eparating-tank8,  it  does  not  seem  to  be  as  economical  as  in- 
K^reasing  the  number  of  mills.  The  number  of  spiizkasten 
was  increased  in  order  that  the  floated  barite  should  be  fine 
enough.  It  is  said  that  this  fine  barite  was  examined  with 
jt  microscope,  and  the  largest  pieces  were  small  enough  to  go 
through  a  300-mesh  sieve.  The  stream  is  divided  equally 
^mong  all  the  boxes,  and  enters  through  a  fine  screen  to  reduce 
the  agitation.  This  screen  also  removes  a  few  small  pellets  of 
clay  and  chips  of  wood.  There  is  also  a  vertical  screen  in  the 
middle  of  the  box  to  prevent  the  formation  of  eddies. 

The  bleaching-tanks  are  lined  with  three  lengths  of  36-in. 
sewer-pipe  without  bells,  and  four  special  tiles  form  a  cone- 
shaped  bottom.  They  are  made  water-proof  by  an  8-lb. 
hard-lead  covering  on  the  outside.  The  hydrostatic  pressure  is 
resisted  by  oak  staves  and  iron  hoops  outside  the  lead.  The 
tanks  are  charged  with  2  tons  of  settled  barite,  containing  25 
per  cent,  of  water,  and  a  minimum  of  240  lb.  of  66  per  cent, 
sulphuric  acid  is  added.  The  acid  is  received  in  tank-cars,  and 
costs  a  cent  a  pound.  It  is  run  into  a  large  steel  storage-tank, 
from  which  it  is  pumped  by  an  acid-egg  to  an  elevated  lead- 
lined  tank ;  thence  it  flows  through  lead  pipes  and  valves  to  the 
bleaching-room  on  a  level  with  the  top  of  the  bleaching-tanks. 
Here  it  is  handled  and  measured  in  a  small  lead-lined  tank-car. 
After  the  acid  is  added,  steam  is  run  into  the  bottom  of  the  tank 
to  agitate  the  mass  and  heat  it  to  nearly  the  boiling-point.  At 
first,  lead-lined  iron  agitators  were  used,  but  they  wore  out  very 
rapidly.  The  tile  lining  of  the  tanks  protects  the  lead  from  all 
mechanical  wear,  and  it  soon  becomes  coated  with  lead  sul- 
phate. 

It  requires  about  46  min.  to  heat  the  mixture,  and  the  best 
quality  of  ore  can  be  bleached  in  from  6  to  7  hr. ;  but  since 
there  is  plenty  of  tank-capacity,  the  bleaching  is  always  con- 
tinued 12  hr.  or  more.  If  the  bleaching  is  not  finished  in 
12  hr.,  more  acid  is  added;  but  it  is  unsafe  to  reduce  the 
amount  below  120  lb.  per  ton,  on  account  of  uncertainties  as  to 
the  ore.  No  attempt  is  made  to  save  the  unused  acid.  To 
tell  when  the  bleaching  is  complete,  a  2-oz.  bottle,  full  of  barite, 
is  compared  as  to  color  with  a  standard  sample. 

The  bleached  barite  is  drawn  off  through  lead-covered' plug- 
valves  in  the  bottom.     The  handling  of  this  hot,  thick,  heavy, 
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and  corroBive  material  has  proved  very  troublesome.  It  has 
been  most  successfully  pumped  to  the  washing-tanks  by  a  very 
heavy  acid-egg. 

These  washers,  Fig.  5,  designed  by  Mr.  Macklind,  consist  of 
lead-lined  iron  tanks,  10  ft.  in  diameter,  19  ft  high,  having  a 
cone-shaped  bottom.  In  a  lead  cup  above  the  center  of  the  tank 
the  bleached  mud  is  mixed  with  a  strong  jet  of  water,  and  then 
distributed  by  a  flat  lead  cone  to  the  circumference  of  the  tank 
and  discharged  upon  baflie-plates.     In  the  center  of  the  tank  is 


Barite  and  acid 


Fresh  ^ater 


To  next 
lyasher 


Jet  elevator  for 

thick  washed 

barite 

Pressure  wuter 
Fig.  5. — Macklind  Continuous  Barite-Wabhkr. 


a  bottomless  lead  cylinder,  8  by  8  ft,  inside  of  which  the  water 
rises  so  slowly  that  all  the  barite  settles  out,  and  only  clear 
acid  water  is  discharged  to  waste  through  a  lead  pipe  at  the 
surface. 

From  the  bottom  of  the  first  washer  the  barite  passes  to  a 
similar  one  3  ft.  lower.  From  this  it  goes  to  a  third  one  still 
lower.  Since,  with  this  head,  the  heavy,  settled  barite  would 
not  flow  from  the  bottom  of  one  tank  to  the  top  of  the  next^ 
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the  current  is  maintained  by  a  strong  jet  of  wash-water  directed 
upwards  in  the  discharge  pipe.  (A  similar  arrangement  might 
be  serviceable  in  elevating  the  thick  barite  from  the  bleaching- 
tanks.) 

All  the  acid  should  not  be  removed  or  the  barite  will  immedi- 
ately turn  a  light  yellow ;  the  end-point  used  to  be  determined  by 
a  slight  acid  taste,  but  the  washing  is  now  continued  until  there 
is  no  taste,  but  the  iron  sulphate  remaining  in  solution  will  give 
a  slight  blue  color  with  potassium  ferrocyanide,  thrown  upon 
the  last  spreading-cone.  When  this  does  not  show,  the  quan- 
tity of  wash-water  is  reduced.  The  reason  for  the  change  of 
color  when  no  acid  is  present  is  not  understood.  This  acid 
prevents  the  use  of  floated  barite  for  weighting  rubber  and 
paper,  but  for  paint  it  is  not  objectionable.  If  the  settled  barite 
mud  at  the  bottom  of  the  washer  has  50  per  cent,  of  water,  this 
leaves  about  ^  lb.  of  acid  to  the  ton  of  barite;  if  it  has  100  per 
cent,  which  is  more  likely,  1  lb.  to  the  ton  will  be  left. 

The  wash-water  is  filtered  through  six  sand-filters,  86  by 
60  in.,  and  is  obtained  from  a  small  creek  by  a  separate  pump. 
The  general  mill-supply  is  filtered  only  when  -very  muddy. 

The  essential  part  of  the  Macklind  drier  is  a  cylinder  of 
wrought-iron  pipe,  36  in.  in  diameter  and  8  ft.  long,  revolving 
one-and-a-half  times  per  minute,  and  heated  inside  by  live  steam. 
UX>on  this  cylinder  the  barite  is  dropped  by  a  plate  shaken  200 
times  per  minute  by  a  cam.  The  thick,  settled  barite  mud  is 
fed  upon  the  shaker-plate  in  fine  streams  4  in.  apart  through 
pin-valves  from  the  feed-trough,  which  contains  an  agitator  to 
prevent  packing.  The  drops  of  barite  falling  upon  the  hot  ' 
drum  are  soon  dried  and  are  scraped  ofT  by  a  plate  after  nearly 
a  full  revolution.  This  scraper  leaves  a  thin  layer  of  strongly- 
adhering  barite,  which  prevents  discoloration  from  the  iron. 
The  live  steam  enters  through  a  stufl5ng-box  at  one  end,  and 
the  condensed  water  is  drawn  ofl:*  through  a  siphon-pipe  in  the 
other  trunnion  and  circulates  through  coils  along  the  side  of 
the  housing,  and  dri^  whatever  barite  is  spattered  ofl:'  by  the 
boiling  pellets. 

To  prevent  the  accumulation  of  air  in  the  cylinder,  some 
steam  is  drawn  ofi  through  a  straight  pipe  entering  through 
the  siphon  and  carried  to  the  bleaching-tanks. 

The  finished  barite  is  tested  for  color  by  putting  a  spatula- 
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full  upon  a  glass  plate  beside  a  standard  sample,  smoothing  it 
down  beneath  a  piece  of  paper,  and  comparing  as  to  color.  It 
is  then  moistened  with  turpentine  and  again  compared.  In 
this  way  it  shows  as  white  as  a  standard  sample  of  white-lead, 
which  had  a  slight  buif  color,  but  not  as  white  as  good  zinc 
oxide,  which  is  blue  in  comparison.  The  product  is  tested  for 
grit  by  rubbing  it  with  a  spatula  upon  soft  glazed  paper,  which 
should  not  be  scratched.  Barite  which  contains  flint  will  be 
apt  to  show  more  grit  when  floated,  since  the  equal-falling 
grain  of  quartz  is  so  much  larger  than  the  heavy  barite. 
Barite  ground  between  burr-stones  gets  grit  from  the  mills. 
In  the  wet-process  mill,  in  which  the  barite  is  ground  before 
bleaching,  hard  iron  or  steel  could  be  used  in  the  mill  and  the 
pigment  would  be  entirely  free  from  grit  if  the  barite  con- 
tained no  quartz. 

Barite,  on  account  of  its  prismatic  cleavage,  forms  a  "sliver" 
pigment  rather  than  a  granular  one.  These  slivers  mat 
together  in  the  paint,  and  since  barite  is  slightly  harder  than 
the  other  pigments,  it  forms  a  more  durable  paint.  It  is  also 
entirely  unaffected  by  weather,  and  does  not  dissolve  like  zinc, 
or  blacken  with  sulphur  like  lead. 

White-lead  is  said  to  saponify  linseed  oil.  At  any  rate,  after 
a  few  years,  a  pure  white-lead  paint  will  chalk  and  rub  oft', 
leaving  the  surface  in  good  shape  for  a  second  painting.  So 
far  as  known,  zinc  is  not  used  alone,  but  if  the  paint  contains 
too  much  barite  it  peels  off  and  a  second  coat  of  paint  will  not 
stick.  The  mixture  of  white-lead  and  barite  pigments  is  there- 
fore better  than  either  one  alone.  Some  of  the  peeling  may 
be  due  to  inferior  oil. 

When  barite  is  sufficiently  ground  it  will  spread  well.  The 
chief  objection  to  it  is  its  translucency  and  lack  of  covering- 
power.  This  deficiency  is  best  corrected  by  zinc  oxide,  which 
has  the  greatest  covering-power.  Some  of  the  paint-men  there- 
fore say  that  an  equal  proportion  of  the  three  pigments  makes 
the  best  paint.  The  unfortunate  feature  is  that  usually  good 
barite  costs  less  than  a  cent  a  pound,  while  the  other  pigments 
cost  6  or  7  cents,  so  that  much  of  the  prepared  paints  contain 
too  great  a  proportion  of  barite,  up  to  60  per  cent. 

Very  little  barite  is  now  used  in  making  fine  book-paper, 
since  the  weight  of  a  book  is  no  longer  considered  an  advan- 
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tage,  and  fibrous  talc  is  used  instead.  Its  use  in  rubber  goods 
seems  to  be  a  trade  secret. 

For  making  barium  salts  a  very  inferior  barite  can  be  used, 
but  most  of  this  chemical  manufacturing  work  is  done  in 
Europe.  There  would  be  a  big  demand  for  barium  oxide  for 
treating  boiler-water  containing  much  calcium  and  magnesium 
sulphates,  but  it  is  not  yet  supplied  cheaply  enough  in  the 
United  States. 

I  desire  to  express  my  cordial  thanks  for  information  regard- 
ing Washington  county  barite  to  W.  R.  Macklind,  of  Mineral 
Point;  James  Long  and  James  W.  Richeson,  of  Potosi;  Frank 
Xong,  of  Cadet;  and  Robert  McClay,  of  Bliss,  Mo. 


[33] 


SUBJECT  TO  REVISION. 


[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


The  Genesis  of  the  Leadville  Ore-Deposits. 

BT  MAX  BOEHMER,   DENVER,  COLO. 

(Pittsburg  Meeting,  March,  1910.) 

After  30  years  of  development  and  after  an  output  of 
$350,000,000  in  value  of  gold,  silver,  lead,  zinc,  and  copper, 
there  has  not  been  published  a  satisfactory  explanation  of  the 
origin  of  the  immense  deposits  of  the  Leadville  district. 

The  original  examination  and  survey  of  Leadville  by  mem- 
bers of  the  U.  S.  Geological  Survey  was  a  most  magnificent 
piece  of  work,  but  their  attempt  to  explain  the  origin  of  the 
^ores  was  based  upon  the  then-accepted  theory  of  lateral  secre- 
tion, originated  by  Sandberger,  which  theory  was  afterwards 
disproved  in  many  cases  by  further  development  in  numerous 
districts. 

This  theory  contended  that  the  ore  in  the  veins  had  been 
leached  by  surface-waters  from  the  eruptive  rocks  in  the  imme- 
diate vicinity,  and  it  had  its  origin  in  the  fact  that  the  neigh- 
boring eruptive  rocks  all  contained,  to  an  appreciable  degree, 
the  several  metals  found  in  the  ore-deposits. 

But  the  practical  miner,  reasoning  in  a  simple  manner  from 
the  condition  of  things  as  he  found  them  underground,  soon 
discovered  the  fiftllacy  of  this  proposition.  He  reasoned  that, 
in  the  case  of  the  Leadville  deposits,  this  theory  could  not  be 
true,  because,  if  the  ores  were  leached  from  the  overlying  erup- 
tive rocks  by  surface-waters,  they  would  as  a  matter  of  neces- 
sity be  controlled  by  the  action  of  gravity,  and  the  main  bodies 
would  collect  in  natural  depressions  of  the  underlying  lime- 
stone, and  at  all  points  where  such  depressions  existed.  But 
this  was  not  in  accord  with  the  channels  of  ore  as  he  found 
them ;  and  hence  the  theory  of  lateral  secretion  in  this  district 
was  never  accepted.  Another  objection  to  it  consisted  in  the 
fact  that  large  areas  within  the  ore-bearing  district  contained 
no  ores  whatever,  although  their  formation  was  the  same,  and 
the  same  limestones  were  covered  by  the  same  thick  sheet  of 
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eruptive  rocks.  The  experts  of  the  Geological  Survey  them- 
selves soon  saw  that  their  original  theory  was  not  satisfactory, 
and  it  is  expected  that  their  later  examination  and  survey  of 
the  district  will  throw  a  new  and  correct  light  upon  the  subject. 
But  we  do  not  know  when  this  report  will  appear ;  and,  mean- 
while, others,  who  have  given  some  thought  to  the  subject,  may 
be  permitted  to  offer  their  ideas  in  the  light  of  the  latest  de- 
velopments. 

That  the  eruptive  rocks  play  a  very  important  role  in  the 
genesis  of  most  ore-deposits  is  now  universally  acknowledged. 
It  seems  also  well  established  that  the  fluid  magma  of  the  erup- 
tive rocks  at  great  depth  originally  contained  the  metals  which 
are  found  in  the  veins ;  that  these  metals  were  dissolved  and 
segregated  from  the  magma,  then  held  in  solution  in  depth, 
until  pathways  towards  the  surface  were  opened,  when,  under 
the  influence  of  heat  and  pressure,  the  solutions  rose  in  these 
pathways  and  deposited  their  burden  wherever  the  conditions, 
either  physical  or  chemical,  were  favorable. 

In  Leadville,  it  was  discovered  that  the  later  eruptives,  and 
not  the  earlier  white  porphyry,  were  the  rocks  most  intimately 
associated  with  the  position  and  trend  of  the  ore-bodies ;  but 
mining  developments  did  not  give  sufficient  evidence  upon 
which  to  base  a  plausible  theory  of  the  origin  of  the  ores,  since 
these  later  eruptives,  as  a  rule,  were  found  in  the  shape  of 
sheets  or  irregular  tongues  and  bosses.  A  few  vertical  dikes 
had  been  found,  but  they  carried  no  ore  on  their  flanks,  nor 
was  there  a  single  ore-bearing  fissure  in  evidence  on  Fryer, 
Carbonate,  Rock,  or  Iron  hills. 

Breece  hill  also,  in  its  earlier  development,  showed  similar 
conditions.  It  is  only  the  work  done  in  the  last  five  years  on 
this  latter  hill  which  has  at  last,  in  my  judgment,  at  least,  solved 
the  question  and  furnished  the  evidence  upon  which  the  gene- 
sis of  the  Leadville  ore-deposits  may  be  safely  formulated.  And 
this  evidence  is  so  plain  that  all  should  agree  in  the  interpreta- 
tion of  the  facts  as  lately  disclosed. 

The  developments  now  show  that  the  Leadville  deposits  have 
their  origin  in  depth  through  the  channels  of  fissure-veins  and 
dikes  of  eruptive  rock.  Numerous  fissure-veins,  carrying 
valuable  ores  and  generally  associated  with  nearly  vertical 
dikes,  have  been  opened  along  the  entire  extent  of  Breece  hill, 
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and  beyond  it  for  a  distance  of  3  miles.  Their  course  is  in 
all  instances  approximately  'NS.,  and  their  dip  is  from  70^  to 
80^  west  or  east.  These  fissures  send  out  to  the  left  and  right 
large  channels  of  ore  into  the  adjacent  stratified  rocks,  espe* 
cially  at  the  limestone  horizon  below  the  cover  of  the  main 
sheet  of  white  porphyry.  This  mineralization  in  the  limestone 
extends  at  least  a  mile  from  the  fissures,  and  the  latter  carry 
values  down  into  the  underlying  granite. 

In  a  number  of  cases,  the  fissure  which  admitted  the  dike- 
magma  and  later  the  vein-waters  faulted  the  country ;  and  it  is 
important  in  exploitation  to  distinguish  these  pre-mineral  faults 
from  the  later  post-mineral  faults  which  created  the  present 
topography  of  the  country. 

The  veins  accompanying  these  dikes  generally  lie  along  the 
foot-wall  or  the  hanging-wall,  but  occasionally  also  within  the 
body  of  the  dike. 

Frequently  these  dikes  show  no  valuable  ores  associated  with 
them,  but  a  number  carry  along  their  fianks  a  mass  of  nearly 
clean  quartz  with  scattered  pyrites,  which  is  probably  not  a 
segregation  but  an  actual  low-grade  deposit,  made  by  the  vein- 
waters  in  the  form  of  silicified  country-rock. 

After  the  uplift  of  the  region,  the  surface-waters  caused  a 
secondary  rearrangement  of  ores  and  of  values  within  the  ore- 
bodies  to  a  surprising  degree ;  and  extensive  migration  of  the 
metals  from  upper  to  lower  horizons  took  place  in  the  stratified 
rocks,  invading  even  the  upper  portion  of  the  hard  and  glassy, 
lower  quartzite,  where  rich,  secondary  ores  are  found  in  vugs 
and  water-courses  below  much  larger  masses  of  ore  of  lower 
grade  in  the  limestones  directly  above. 

These  fissures  and  dikes  exist  only  in  the  easterly  portion  of 
the  Leadville  district,  within  the  so-called  gold-belt,  where  the 
deposits  carry  gold  in  addition  to  the  silver,  lead,  and  other 
metals — no  gold  being  found  in  the  westerly  portion  of  the 
district. 

It  seems  reasonable  to  assert  that  the  proximity  of  the  gold- 
belt  to  the  original  fissures  and  dikes  explains  the  existence 
of  gold  in  the  veins  of  that  particular  area.  Gold  would  natu- 
rally be  precipitated  first;  and  thus  it  did  not  find  its  way, 
except  in  a  solitary  instance,  to  the  westerly  portion  of  the 
district. 
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Fig.  1,  an  ideal  east  and  weat  section  of  Breece  hill,  fully 
illustrates  the  main  features  of  these  later  developments. 

In  this  connection,  it  occurs  to  me  that  other  districts,  such  as 
the  lead-  and  zinc-deposits  of  Missouri,  have  been  interpreted 
wrongly  in  their  genesis,  since  the  discoveries  in  Leadville 
demonstrate  that  the  original  source  of  the  ores  may  be  situated 
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to  the  distance  of  a  mile  or  more  away  from  the  ore-bodies  found 
and  developed  in  the  mines. 

I  am  sure  that  the  most  recent  discoveries  in  Leadville  throw 
much  new  light  upon  the  difficult  problem  of  the  genesis  of  ore- 
bodies  everywhere,  and  I  hope  that  the  U.  S.  Geological  Survey 
will  soon  publish  the  result  of  its  latest  investigations  iu  this 
district. 


mvmjmcT  to  bevuion. 


[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Cyanide-Plant  and  Practice  at  the  Minas  del  Tajo, 

Rosario,  Sinaloa,  Mexico. 

BY  OEOROE  A.  TWEEDY  AND  ROQER  L.  BEAL8,  ROSARIO,  SINALOA,  MEX. 

(Pittaburg  Meeting,  March,  1910.) 
TABLE  OF  COXTENTS. 

PIQB. 

I.  Introduction, 123 

II.  Definitions, 124 

III.  Ore, 124 

1.  Unoxidized  Ore, 124 

2.  Oxidized  Ore, 125 

IV.  Pbeliminart  Experiments, 126 

V.  Mill-Run  Tests, 127 

VI.  Concentration  Experiments, 130 

VII.  Outline  of  Operations, 130 

Vm.  Milling, 132 

IX.  Cyaniding, 138 

1.  Sand-Plant, 138 

2.  Slime-Plant, 144 

3.  Filters, 148 

4.  Precipitation, 156 

5.  Melting, 161 

X.  Co?t  of  Milling  and  Cyaniding, 166 

I.  Introduction. 

The  results  of  the  cyanide-operations,  given  in  detail  in  the 
following  paper,  show  the  progress  that  is  being  made  at  the 
Minas  del  Tajo.  The  old  pan-amalgamation  process,  in  opera- 
tion up  to  and  including  1905,  while  paying  a  profit  on  high- 
grade  ores,  was  no  longer  able  to  treat  profitably  the  ores  in 
Bight  at  that  time ;  hence  an  alteration  in  the  process  was  im- 
perative. The  success  of  this  alteration  is  eloquently  expressed 
by  the  following  data  : 

Pan-Amalgamation.  Cyanidatlon. 

1905.  1907.  190S. 

Tons  treated,    ....  51,387  68,983  69,200 

Value  per  ton  (U.  S.  currency ), .  $10.78  $8.39  $8.28 

Extraction,  per  cent. ,       .         .  65.00  88.56  87.45 

Extraction,  per  ton,  $7.00  $7.43  $7.24 

Total  cost,  per  ton  treated,  6.50  4.36  4.01 

Profit,  per  ton  treated,      .  0.50  3.07  3.23 
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The  item  '^  total  cost "  in  the  foregoing  tabulation  includes 
everything — working-costs,  development,  management,  general 
expenses,  bullion-expenses,  and  taxes. 

II.  Definitions  and  Explanations. 

The  following  definitions  and  explanations  are  given  for  the 

sake  of  clearness : 

SUme. — That  product,  clayey  in   nature,  consisting  largely 

of  decomposed  feldspars  and  having  the  characteristics  of  a 
colloid. 

Fine  Sand, — Sand  finer  than  ISO-mesh,  having  a  gritty  feel 
and  which  will  settle  in  water,  leaving  it  clear  in  less  than  1 
minute. 

Medium  Sand. — Sand  in  size  between  40-  and  ISO-meeh. 

Coarse  Sand. — Sand  in  size  coarser  than  40-mesh. 

Residue, — When  used  in  speaking  of  assays,  this  term  refers 
to  samples  dried  without  washing;  in  other  words,  containing 
a  certain  amount  of  cyanide  solution  and  dissolved  values. 

Undissolved, — Assay  of  pulp  after  thorough  washing  (that 
is,  after  removal  of  all  cyanide -solution  and  dissolved  values). 

Ion. — The  short  ton,  2,000  lb.,  is  used  in  all  instances. 

Cyanide, — All  strengths  and  figures  are  in  terms  of  potas- 
sium cyanide. 

Sodium  Cyanide^  equivalent  to  130  per  cent.  KCX,  is  used 
in  the  plant. 

Screen-Tests  are  made  with  the  following  sieves : 

Mah 40  60  80  100  150 

Openings,  mm 0.0407        0.0216        0.0169        0.0127        0.0083 

Assay-  Values  and  Costs  are  given  in  United  States  currency. 

III.  Ore. 

Two  classes  of  ore  are  mined  and  treated — namely,  oxidized 
and  unoxidized  ore.  Roughly  speaking,  all  ore  coming  from 
below  the  150-ft.  level  falls  into  the  latter  class.  Of  these  two 
classes  there  are  several  types,  differentiated  by  the  ratio  of 
their  silver-  and  gold-content,  proportion  of  heavy  sulphides, 
and  amenability  to  treatment  by  cyanidation.  Each  type  in 
the  unoxidized  ore  has  its  counterpart  in  the  oxidized  ore. 

1.    Unoxidized  Ore, — Type  1,  characterized  by  large  propor- 
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lion  of  galena,  not  rich  in  silver,  and  presenting  no  difficulty 
in  treatment. 

Type  2,  carrying  a  lesser  proportion  of  galena,  accompanied,, 
however,  with  zinc-blende  and  chalcopyrite.  Whenever  this 
chalcopyrite  is  found  the  ratio  of  gold  to  silver  increases.  This 
type  of  ore  is  amenable  to  treatment,  but  causes  a  larger  cyan- 
ide-con  sumption . 

Type  8,  clean  ore,  carrying  very  little  base  sulphides,  with  a 
greater  ratio  of  silver  to  gold,  and  easily  cyanided.  The  gangue 
of  this  type  contains  a  considerable  amount  of  rhodochrosite 
and  feldspar. 

2.  Oxidized  Ore. — The  counterparts  of  these  types  in  the  oxi- 
dized ore  are  traced  by  their  silver-gold  content  ratio,  and  by 
the  presence  of  analogous  minerals  derived  from  the  oxidation 
of  the  base  sulphides,  etc.  For  instance.  Type  1  shows  con- 
siderable lead  carbonate;  Type  2,  a  lesser  amount  of  lead 
carbonate,  accompanied  by  zinc  carbonate  and  copper  carbon- 
ates and  oxides,  while  Type  8  contains  manganese  oxides,  par- 
ticularly psilomelane  or  wad. 

All  these  types  are  amenable  to  cyanide-treatment.  Type  2 
causing  the  greatest  cyanide-consumption,  while  Type  8  pro- 
duces the  most  slime,  due  to  the  greater  proportion  of  clay 
formed  by  the  decomposition  of  the  feldspars. 

A  typical  analysis  of  Type  3,  oxidized  ore,  is : 

Per  Cent. 

Copper, 0.2 

Iron, 4.2 

Zinc, 1.4 

Manganese, 1.6 

r.<ead, trace 

•   Lime  (CaO) 1.2 

Sulphur, 1.5 

Ineoluble  (AlA-^»0.,\ 82.8 

Undetermined, 7.1 

Oz.  Per  Ton. 

Gold, 0.20 

Silver, 8.60 

The  sulphur  is  partly  combined  as  sulphide  and  partly  as 
the  sulphates,  FeS04  ^^^  ^^2(80^,,  the  acid  sulphate  account- 
ing for  the  greater  acidity  of  this  class  of  ore.  The  undeter- 
mined comprises  COj,  oxygen  of  the  sulphatep,  and  oxygen 
combined  with  mans^anese,  etc. 
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IV.  Preliminary  Experiments. 

Before  the  erection  of  the  mill  and  cyanide-plant  experi- 
ments were  conducted  to  determine  the  best  method  of  treat- 
ment. A  comparison  of  the  results  obtained  experimentally 
with  the  results  in  the  completed  mill  is  interesting. 

The  ore  experimented  upon  was  the  unoxidized  class.  Sam- 
ples were  taken  from  various  parts  of  the  mine  and  treated  sepa- 
rately, then  a  general  sample  of  the  unoxidized  ore  was  tested. 
The  first  work  was  with  100-lb.  samples,  these  being  crushed 
and  ground  in  a  sample-grinder  and  classified  into  sand  and 
slime.  The  sand  was  leached  in  small  tubs,  18  in.  in  diameter 
by  18  in.  deep,  while  the  slime  was  treated  by  agitation  in  the 
same  sized  tubs  fitted  with  cross-arm  stirrers. 

Extremely  erratic  results  were  obtained  with  the  sand-leach- 
ing. The  lower  half  of  the  sand  in  the  tubs  behaved  as  does 
the  lowest  6-in.  layer  in  a  large  tank,  being  slow  to  drain  and 
retaining  a  great  deal  more  moisture  than  the  top  sand ;  the 
upper  half  behaved  as  does  the  top  6-in.  layer  of  sand  in  large 
tanks.  The  varying  amount  of  solution  retained  by  the  sand 
destroyed  the  value  of  the  work,  and  it  is  for  this  reason  that 
leaching-tests  in  small  tubs  were  unreliable.  On  the  other 
hand,  the  tubs  fitted  with  stirrers  for  treating  the  slime  more 
nearly  approximated  the  working-conditions,  the  results  being 
uniform  and  reliable. 

The  dissolution  of  the  gold  and  silver  and  the  greatest  per- 
missible size  of  grain  were  determined  by  bottle-tests,  using 
bottles  holding  from  four  to  seven  times  the  volume  of  air  to 
that  of  the  pulp ;  these  tests  showed  that  on  ore  finer  than  40- 
mesh  more  than  90  per  cent,  of  the  values  could  be  dissolved 
in  four  days. 

Tests  for  the  determination  of  the  acidity  of  the  ore  were 
made  in  bottles,  agitating  the  samples  with  solution  of  sodium 
hydrate ;  the  average  of  the  tests  gave  an  acidity  equal  to  7  lb. 
of  lime  per  ton  of  ore,  this  high  consumption  being  due  chiefly 
to  the  ore  from  old  stope-filling  containing  organic  matter. 

The  lime  obtainable  contained  only  40  per  cent,  effective 
CaO ;  thus  the  actual  lime-consumption  was  from  14  to  17  lb. 
per  ton  of  ore. 

Bottle-tests  for  cyanide-consumption  indicated  a  chemical 
consumption  of  from  1.5  to  2.1  lb.  per  ton,  provided  the  pro- 
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tective  alkalinity  did  not  drop  below  0.02  per  cent,  of  CaO. 
This  was  corroborated  by  testa  of  sand  in  5-ton  lots.  It  was 
found  that,  even  after  10  days'  leaching,  the  cyanide-consump- 
tion would  rapidly  rise  if  the  protective  alkalinity  dropped 
below  0.02  per  cent,  of  CaO.  Lime  crushed  not  finer  than 
20-mesh  gave  the  best  results ;  this,  mixed  with  the  ore,  slowly 
went  into  solution  as  needed,  the  leachings  coming  oft'  alkaline 
to  the  end  of  the  treatment. 

Milk  of  lime  was  unsatisfactory,  as  it  gave  up  its  alkalinity 

too  quickly. 

V.  Mill-Run  Tests. 

The  feasibility  of  collection  of  sand,  leachability,  and  extrac- 
tion on  a  working-scale  were  determined  by  small  mill-runs, 
the  ore  being  crushed  in  5-  and  10-ton  lots  in  a  five-stamp  bat- 
tery ;  the  pulp  was  run  to  a  pit,  where  the  sand  was  collected, 
the  slime  overflowing  through  a  gate  and  settling  in  a  tank 
below  the  pit,  the  overflow  being  regulated  by  raising  the  gate. 

In  the  mill-runs  a  punched  screen  having  openings  equal 
to  0.6  mm.  was  used,  and  screen-tests  showed  approximately 
35  per  cent,  slime,  while  from  3  to  8  per  cent,  of  the  sand  was 
coarse. 

The  value  and  amount  of  the  various  sized  products  are  given 
in  Table  III.,  which  shows  that  the  chief  values  lie  in  the 
medium  to  fine  sand,  while  the  product  coarser  than  40-mesh 
is  lower  in  value  than  the  original  sample. 

On  this  latter  product  an  extraction  of  about  60  per  cent, 
was  obtained.  Allowing  10  per  cent,  of  this  size  in  the  sand 
separated  from  ore  carrying  8  oz.  of  silver  per  ton,  there  would 
be,  on  a  1-ton  basis,  200  lb.  of  pulp  carrying  from  4  to  6  oz. 
per  ton,  of  which  60  per  cent,  could  be  extracted,  leaving  200 
lb.  of  pulp,  assaying  2  oz.  of  silver  per  ton,  and  representing 
0.2  oz.  of  silver  per  original  ton  of  ore.  By  regrinding  this 
product  a  further  extraction  representing  0.1  oz.  of  silver  per 
ton  of  ore  could  be  recovered.  This  extra  recovery  from  fine 
grinding  would  not  pay  for  the  cost  of  the  work. 

The  sand  collected  was  found  to  be  easily  leachable,  though 
containing  7  per  cent,  of  slime.  Charges  of  5  tons  were  treated 
from  8  to  10  days.  The  strength  of  solution  found  best  in  the 
bottle-tests — namely,  0.3  per  cent,  of  KCN — was  used  for  the 
first  two  days'  treatment.     The  tank  was  then  aerated  for  a 
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Table  I. — Besults  of  Leaching- Tests  on  Sand. 

Weight  of  nnd,  3.37  tons. 

Per  ceDt.  of  moisture,  18. 

Weight  of  lime  added,  32  lb. 

Clutrging-Talue  of  sand,  0.42  oz.  gold,  10.0  oz.  silrer  per  ton. 


! 

Screen-Test. 

1 

Oold-Assay.                 i 

Silver- Assay. 

Sice. 

1 

Quantity. 

Heads. 

Tails. 

Heads. 

1        Tails. 

— 

Percent. 

Ounces 

Ounces 

Ounces 

Ounces. 

1 

Per  Ton. 

Per  Ton. 

Per  Ton. 

Per  Ton. 

On  40 

p 

3.1 

20.< 
21.' 

5.1 

28.: 

20., 

^                  0.25 

}                        ft.!2fl 

1 

I 

0.040 
0.022 
0.015 
0.010 
0.014 

6.2 
5.3 
7.2 
7.4 
10.0 
19.0 

2.4 

On«0 

1.2 

On  80 

7 

O.^fl 

1         *.  *< 
0.9 

On  100.... 

3                 6.29 
1                 0.5(J 
3                 0.71 

1.0 

^^  BM       aV  ^^  ^r  •   •  •  • 

On  150... . 

1.1 

Through  : 

150.... 

6.6I2 

1.4 

Strong 
Solution. 

LeachingH. 

Undissolved. 
Consumption  i 

Residue. 

Solution. 

-    - 

—     — 

KCN  Per  Ton 
Solution. 

• 

KCN. 
Per 

CaO. 
Per 

KCN.      CaO. 
Per    ,     Per 

Au. 
Pounds.        Os.  Per 

Ag. 
Os.Pcr 

Au.     ;    Ag. 

1 

Tons. 

Os.  Per  !  Ox.  Per 

Cent. 

Cent. 

Cent. 

Cent. 

Ton. 

Ton. 

Ton.   1    Ton. 

2.31 

0.34 

0.12 

0.24 

0.10 

4.62           0.065 

3.32 

0.28        8.0 

2.13 

0.22 

0.10 

0.22 

0.15 

0.03 

2.07 

0.12    1    6.0 

2.07 

0.27 

0.09 

0.28 

0.06 

0.01 

1.74 

0.04        3.5 

1.78 

0.30 

0.07 

0.28  ,   0.06 

O.'fl 

, 

1.61 

0.28 

0.09 

0.26 

0.08 

0.64          0.01 

1.45 

0.03        3.0 

1.28 

0.27 

0.09 

0.24 

0.09 

0.76          0.012 

1.29 

0.02        2.2 

1.28 

0.26 

0.09 

0.24 

0.10 

0.76          0.01 

1.22 

0.016      1.6 

1.03 

0.54 

0.12 

0.26 

0.08 

5.76        ■  0.011 

1.16 

0.014  1    1.3 

0.55 

0.36 

0.12 

0.30 

0.08 

0.66 

0.26 

water 

wash 

0.38 

0.07 

4-2.17 

( 

2.00 

water 

wash 

0.10      0.06 

-1-4.35          0.012 

1.15 

0.015      1.17 

> 

Percentage  of  extraction  by  residue,  gold,  97.0  ;  silver,  89.6  per  cent. 

Cyanide-consumption,  2.2  lb.  per  ton  sand. 

Time  of  treatment,  11  days.    Solution  added  twice  daily. 

day,  and  solutions  again  added.  Between  the  additions  of 
TOlution  the  tank  was  thoroughly  drained.  Theleachings  were 
passed  through  a  zinc-box  and  returned  to  the  storage-tank^ 
the  precipitated  solution  thus  being  used  repeatedly. 

The  eftectiveness  of  the  solution  after  use  was  determined 
by  using  2  tons  of  solution  for  the  treatment  of  five  lots  of  ore 
of  5  tons  each.  The  solution  was  in  use  for  six  weeks,  being 
precipitated  after  each  passage  through  the  sand,  and  evapora- 
tion-losses made  up  by  addition  of  water.  At  the  end  of  this 
period  it  was  as  effective  for  all  purposes  as  at  the  beginning. 
The  precipitation  was  good,  the   solution  leaving   the   boxes 
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carrying  0.05  oz.  of  silver  per  ton,  and  a  trace  of  gold.     The 
oonsumption  of  zinc  was  0.8  lb.  per  ton  of  ore  treated. 
The  net  result  of  these  leaching-tests  showed : 

1.  That  the  extraction  of  gold  and  silver  was  good. 

2.  That  the  dissolution  of  the  gold  was  very  rapid,  the  silver 
going  into  solution  more  slowly. 

3.  That  the  best  results  were  obtained  by  allowing  the 
charges  to  drain  thoroughly  before  each  addition  of  solution. 

4.  That  the  leaching-rate  was  4  to  6  in.  per  hour,  and  that 
no  serious  fouling  of  working  solution  took  place. 

Pull  data  of  one  of  the  leaching-tests  are  given  in  Table  I. 

The  collected  slirae  from  the  test-runs  was  treated,  in  small 
tanks  fitted  with  mechanical  stirrers,  by  agitation  and  decanta- 
tion  in  solution  averaging  0.20  per  cent,  of  KCN.  The  extrac- 
tion was :  gold,  94,  and  silver,  88  per  cent. 

The  consistency  of  the  pulp  giving  the  best  results  was  4  of 
solution  and  1  of  dry  slime.  The  slime  settled  to  52  per  cent, 
of  moisture  in  12  hours. 

The  dissolution  of  the  silver,  commercially  profitable  to  dis- 
solve, took  place  in  the  time  necessary  to  mix  and  decant  the 
solution,  giving  five  decantations,  hence  the  washing-out  of  the 
values  dissolved  was  the  most  important  part  of  the  test. 

Table  II.  gives  the  results  of  the  treatment  of  one  charge  of 

slime. 

Table  II. — Residls  of  Tests  on  Slime. 

Weight  of  wet  slime  charged,  20  kg. 
AsMj,  gold,  0.20  oz.  per  ton  ;  silver,  9.60  oz.  per  ton. 
Moisture  in  charge,  45  per  cent. 
Weight  of  dry  slime,  1 1  kg. 

There  was  added  at  the  beginning  of  the  first  treatment  120  g.  of  KCN  and 
105  g.  of  lime. 


Solution  Decanted. 


Undis.solved. 


Water 

Added. 

~  Kg. 
35.0 


30.0 
30.0 


Time  of 
Treatment. 


From 
8  a.m. 


2  p.m. 
9  8.m. 


to 
5  p.m. 
2  p.m. 

5  p.m. 

6  p.m. 
2  p.m. 


Quantity. 
27.0 


29.0 
29.0 


Composition. 


KCN. 


CaO. 


Per 

Per 

Oz.  Pe: 

Cent. 

Cent. 

Ton. 

0.23 

0.06 

0.02 

.  •  •  ••■ 

0.01 

0.09 

0.02 

0.007 

0.05 

0.01 

Gold.     Silver. 


Oal  Per 
Ton. 


3.80 
1.29 
0.79 


Residue. 


Gold.     Silver. 


Oz.Per  Oz.Pef 
Ton.       Ton. 


0.015 
0.007 


1.49 
0.88 


Percentage  of  extraction  by  residue,  gold,  95  ;  silver,  90  per  cent. 
Cyaaide-oonsumption  :  Chemical,  1.6  ;  mechanical,  1.7  lb.  KGN  ,■  total,  3.3  lb. 
XCN  per  ton. 
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Table  III.  gives  the  reealts  of  one  of  the  battery-rane,  show- 
ing the  amount  and  assay  of  the  various-sized  products  of  the 
battery-pulp  before  treatment,  and  of  the  classified  sand  before 
and  after  treatment. 

Table  III. —  Results  of  the  Battery- Tests, 


fek^reen  Sixe. 

Batt< 
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Cent. 

2.51 
11.08 

1.52 
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0.24 
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Ton. 
0.30 

0z.per  0z.per 
Ton.       Ton. 
2.5 

On  60 

0.19 
0.25 
0.27 

4.2 

5.8 
5.8 

0.29        5.4 
0.30  '     7.2 

1.6 

On  80 

,    1.2 

On  100 

0.29 
0.50 

7.4 
11.4 

t    ■*•** 

1   0.83 

On  150 

0.42       8.6 
0.61     14.1 
LIO     19.2 
0.37     11.7 

1.2 

Throoflrh  150 

0.86      20.2 
1.05  1   24.0 
0.19  ;    10.0 

1    ^'^ 

1.5 

Through  150,  sand.. 
Through  150,  dime. 

1 

VI.  Concentration  Experiments. 

To  determine  the  advisability  of  concentration  of  the  ore,  a 
sample  of  the  sand  in  each  charge  was  concentrated  before  and 
after  treatment  with  cyanide.  The  amount  and  value  of  the 
concentrate  obtained  were  not  sufficient  to  justify  concentra- 
tion ;  moreover,  the  concentrate  obtained  from  the  treated  sand 
showed  that  a  good  extraction  was  obtained  from  it  in  the 
tanks.  A  slightly  increased  extraction  could  be  made  by  sepa- 
rating and  regrinding,  but  this  increased  extraction  was  not 
sufficient  to  justify  the  erection  of  an  extra  plant. 

The  average  results  of  a  number  of  tests  were : 


Concentrate  from  sand  before  treatment, 
Amoant  of  concentrate  recoTered, 
Oances  in  concentrate  per  ton  of  sand, 
Concentrate  after  treatment  of  sand,  . 
Ounoea  in  concentrate  per  ton  treated  sand. 
Extraction  on  concentrate  by  cyanidation 
of  Band)  ....... 


Asuay-Value. 

Gold. 

Silver. 

Oz.  Per  Ton. 

Ox.  Per  Ton 

3.25 

26.7 

1.2  per  cent. 

0.a39 

0.3 

0.62 

4.6 

0.006 

0.05 

79.9 


82.8 


VII.  Outline  of  Operations. 

The  ore  from  the  mine  is  crushed  by  a  No.  5  Gates  breaker^ 
style  K,  to  pass  a  2-in.  ring.    The  breaker  is  fed  from  two  200- 
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ton  bine,  and  the  ore,  after  crushing,  U  elevated  by  inclined 
belt  to  the  fine-ore  bina, 

The  mill  and  cyanide-plant  are  situated  on  the  Rosario  river, 
half  a  mile  from  the  mine,  the  ore  being  hauled  to  the  mill  by 
a  light  locomotive  in  gable-bottom  ears,  holding  15  tone.     A 


;go 


Fio.  1. — Pi.AH  AND  Sectional  Elevatton  of  Mill  and  Cyanide- Plant. 

plan  and  elevation  of  the  mill  and  cyanide-plant  are  given  in 
¥ig.  1,  and  various  photographic  views  of  the  plant  in  Figs.  2 
to  5  and  Figs.  7  and  15.  The  bins  at  the  mill  have  a  capacity 
of  600  tons. 

The  ore  is  fed  from  the  mill-bine  by  automatic  feeders  to 

12  batteries  of  5  stamps  each,  crushing  in  cyanide  solution. 
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Lime  is  added  to  the  ore  in  the  bin  as  needed.  The  alkalinity 
of  the  battery-solution  is  maintained  at  0.05  per  cent  of  CaO. 

From  the  batteries  the  pulp  flows  directly  to  four  sand-collect- 
ing tanks,  each  holding  145  tons  of  dry  sand.  The  pulp  is 
distributed  by  radial-arm  distributors,  fitted  with  ball-bearings, 
each  tank  being  equipped  with  a  distributor.  The  sand  settles, 
and  the  slime  overflows  through  four  curtained  gates  to  a 
launder  leading  to  the  slime-plant. 

The  two  slime-collecting  tanks  are  35  ft.  in  diameter  by  9.5 
ft.  deep,  set  in  series,  so  that  the  pulp  enters  one  and  overflows 
to  the  second.  The  overflow  from  the  second  tank  runs  to  a 
concrete  sump,  and  is  then  pumped  back  to  the  battery-supply 
tank  above  the  mill. 

The  sand,  after  collection  and  thorough  draining,  is  trans- 
ferred by  cars  to  the  leaching-tanks,  14  in  number.  After 
treatment  the  sand  is  sluiced  to  the  river. 

The  thickened  slime  is  withdrawn  at  regular  intervals  from 
the  slime-collecting  tanks.  The  treatment  of  this  slime,  by 
agitation  and  settlement,  takes  place  in  nine  tanks,  each  24  ft. 
in  diameter  by  9.6  ft.  deep.  From  the  treatment-tanks  the 
slime  is  transferred  to  a  tank  of  the  same  size,  supplying  the 
filters.     After  filtration  the  slime  is  washed  to  the  river. 

The  solutions  from  the  sand-  and  slime-plant  are  collected  in 

sumps  built  of  brick  and  faced  with   cement.     Centrifugal 

pumps,  driven  by  the  engine  running  the  slime-plant,  handle 

the  solutions.     The  water  for  the  mill  and  mine  is  supplied 

by  steam-pumps  situated  in  a  well  connected  by  a  tunnel  with 

the  river. 

VIII.  Milling. 

The  mill  consists  of  12  batteries  of  5  stamps  set  on  concrete- 
mortar  blocks.  The  battery-frame  is  of  the  front-knee  pattern, 
the  sills  anchored  in  concrete  by  1.5-in.  bolts.  In  laying  the 
concrete  great  care  was  taken  in  tamping  and  in  adding  but 
small  amounts  of  material  at  a  time.  The  blocks  have  not 
shown  the  slightest  tendency  to  crack. 

Each  mortar  weighs  5  tons.  Though  designed  for  double 
discharge,  they  now  have  the  backs  blocked  up  with  a  heavy 
cast-iron  plate  and  are  fitted  with  liners.  The  mortars  were 
planed  on  their  bases,  and  the  tops  of  the  concrete  blocks  were 
finished  carefully  with  neat  cement.    Between  mortar  and  block 
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Fig.  4. — Colleltios-Tanks 


FkI.  5.— LEAllIIJJG-TAKKa,  TK*VEUN<;-BlllDyB   FOR  ClIARdINO   SANOS. 


Fio.  7.— Si.imb-Tbkatment  Tanks  with  Overhead  Travblinh-Bridc 


Fio.  15. — Precipitation-Room,  J^iiowisg  the  Zikc  Boxes. 

[lai 


G7ANIDE-PLANT   AND    PRACTICE    AT   THE    MINAS    DEL   TAJO.       135 

a  |-in.  sheet  of  rubber  is  placed ;  eight  bolts,  1.5-in.  in  diameter, 
are  used  to  hold  the  mortar  rigidly  in.  place  on  the  block. 

The  gross  weight  of  the  falling-stamp  with  new  shoe  is : 
atem,  450;  boss,  850;  tappet,  120;  shoe,  180;  total,  1,100  lb. 
The  average  running  weight  is  1,010  lb.  The  weight  of  the 
die  used,  when  new,  is  140  pounds. 

The  stamps  drop  6.5  in.  104  times  per  minute.  Wooden 
guides  are  used,  which  last  from  eight  to  ten  months ;  the  wood 
is  native  and  is  extremely  hard  and  of  fine  grain. 

A  cross-compound,  slide-valve  engine  drives  a  line-shaft  run- 
ning the  batteries,  eight  having  separate  drive,  while  four  are 
driven  in  pairs,  ten  stamps  to  a  shaft;  however,  the  separate 
drive  for  each  battery  is  preferable.  Idler  pulleys  are  used  as 
belt-tighteners.     For  the  60  stamps  125  h.p.  is  required. 

The  cam-shafts  driving  five  stamps  are  6  in.  in  diameter, 
while  those  driving  ten  stamps  are  6.5  in.  The  cams  are  of 
the  Blanton  self-locking  type. 

When  crushing  with  double  discharge  it  was  found  that  an 
excessive  amount  of  solution  was  necessary  in  order  to  main- 
tain a  proper  wash  in  the  mortars,  from  10  to  12  tons  being 
required  per  ton  of  ore.  With  single  discharge,  the  same 
amount  was  crushed  with  6  tons  of  solution.  It  was  for  this 
reason  that  the  back  discharge  was  blocked  up  with  a  cast-iron 
plate  and  the  mortar  narrowed  by  liners.  Chuck-blocks  are 
used  to  maintain  the  discharge  at  from  2.5  to  3  in.,  which  is  the 
height  of  greatest  capacity. 

The  endeavor  was  to  obtain  as  great  a  capacity  per  stamp 
as  possible,  with  the  condition  of  keeping  the  amount  of  coarse 
Band  under  6  per  cent.  Various  types  of  screens  have  been 
tried  to  achieve  this  result. 

Using  woven-wire  screens,  crushing  in  cyanide  solution  carry- 
ing from  0.04  to  0.08  per  cent,  of  CaO,  the  lime  built  up  on  the 
screens  and  choked  them,  closing  the  holes  as  with  a  cement. 
Frequent  brushing  was  necessary  to  keep  the  holes  clear,  and 
this  broke  the  screens ;  30-mesh  iron-wire  screens  were  tried 
and  discarded.  Heavy  punched  plate  having  holes  0.6  mm. 
in  diameter  gave  a  proper-sized  product,  and  no  trouble  from 
lime-deposition ;  but  the  capacity  was  low,  since  the  holes  were 
spaced  too  far  apart  and  the  plate  was  too  heavy.  Diagonal- 
slot  screens,  the  slots  0.6  mm.  wide,  gave  capacity,  but  as  they 
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rapidly  wore  to  1  mm.  and  larger  at  the  lower  end  of  the  slot, 
the  product  was  too  coaree. 

It  wae  finally  found  that  thin  punched  tinned  screens  gave 
the  best  results;  these  last  15  or  20  days  as  compared  with 
80  or  40  days  when  using  the  heavy  plate.  Their  cost  is  such, 
however,  that  though  lasting  but  half  the  time,  the  screen-cost 
per  ton  crushed  is  one-third  of  that  resulting  from  the  use  of 
heavy  plate. 

The  stamp-duty  varies  with  the  class  of  ore.  The  oxidized 
ore  coming  from  the  open-cut  and  upper  levels  of  the  mine  is 
very  soft  and  friable,  consisting  largely  of  decomposed  andesite 
with  the  feldspars  changed  to  clay.  Unoxidized  ore  from  the 
lower  levels  is  hard;  much  of  the  quartz  in  it  is  like  flint. 
Crushing  this  latter,  the  stamp-duty  is  about  8.5  tons.  With  a 
mixture  of  the  two  classes  containing  from  20  to  30  per  cent, 
of  oxidized  ore,  the  stamp-duty  is  increased  to  4  tons. 

The  quantity  of  slime  in  the  pulp  from  the  stamps  increases 
from  35  per  cent,  in  crushing  unoxidized  ore  to  45  per  cent, 
in  crushing  a  mixture  of  oxidized  and  unoxidized,  the  screens, 
discharge,  drop,  and  solution  used  being  the  same  in  each  case. 

The  number  of  tons  crushed  and  the  quantity  of  slime  per 
stamp  were : 

Screen  Used. 
0.6  mm.,  heavy  plate. 
0.6  mm.,  heavy  plate. 
1.0  mm.,  heavy  plate. 
0.6  mm.,  thin  tinned  plate. 
O.G  mm.,  thin  tinned  plate. 


Slime. 

Tons  Per  Stamp. 

Per  Cent, 

3.25 

35.5 

3.60 

40.4 

4.00 

41.4 

4.04 

44.5 

4.8 

45.2 

The  character  of  the  product  of  the  stamps  when  using  dif- 
ferent screens  is  given  in  Table  IV. 


Sample  of 
Pulp. 


A. 
B. 
C. 
D. 


Table  IV. — Results  of  Using  Various  Screens. 


On  40. 

On  60. 

Per" 

"Per 

Cent. 

Cent 

12.0 

18.0 

8.0 

18.0 

5.0 

14.0 

4.5 

16.5 

On  80.    On  100.  On  150.. 


Per 
Cent. 
15.0 
16.0 
12.0 
15.5 


Per 
Cent 
10.0 
11.0 
9.0 
15.0 


Per 
Cent. 
10.0 
11.0 
18.0 
13.5 


Through  150. 

Per 
Cent. 

35.0  (5  of  sand,  30  of  slime). 

36.0  (7  of  sand,  29  of  slime ). 

42.0  (10  of  sand,  32  of  slime), 

35.0  (9  of  sand,  26  of  slime). 


A.  Through  a  0.6-mm.  slot  screen.        C.  Through  a  0.6-mm.  punched  plate. 

B.  Through  a  1.0-mm.  punched  plate.   D.  Through  a  0.6-mm.  tinned  plate  screen. 
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Different  makes  of  shoes  and  dies  have  been  tried,  but  no 
advantage  was  found  in  using  a  shoe  of  one  class  and  a  die  of 
another.  Good  steel  shoes  and  dies  give  no  trouble  from  cup- 
ping; the  shoe  wears  down  from  180  to  40  lb.  and  the  die  from 
140  to  35  lb.  Cast-iron  dies  were  tried  and  found  unsatisfac- 
tory, costing  more  per  ton  crushed,  and  wearing  unevenly;  more- 
over, they  did  not  keep  the  shoe  in  any  better  condition  than 
the  steel  dies.  The  consumption  of  steel  in  shoes,  per  ton  of 
ore  crushed,  was  0.52  pound. 

The  pulp  from  the  batteries  is  delivered  to  a  y-shaped  laun- 
der running  to  the  sand-collecting  tanks.  The  launder  is  set 
on  a  grade  of  2.75  per  cent,  which  is  sufficient  to  keep  the 
launder  clear,  when  using  6  tons  of  solution  per  ton  of  ore.  A 
straight  launder  would  carry  the  pulp  with  less  grade,  but 
where  the  pulp  from  the  stamps  enters,  the  flow  in  the  launder 
is  rhythmical,  and  a  lesser  grade  was  found  insufficient  to  carry 
the  ore. 

As  the  mill-site  is  comparatively  flat,  launders  were  placed 
at  the  minimum  possible  grade ;  in  fact,  it  was  only  by  doing 
this  that  the  necessity  of  elevating  the  pulp  was  avoided. 

Table  V.  shows  the  average  costs  of  milling  41,465  tons  of 
ore,  covering  a  period  of  seven  months  : 

Table  V. — Summary  of  Costs  of  Milling. 

Per  Ton  Milled. 

Labor,  native, $0.0583 

Employees,  white 0.0080 

Shoes, 0.0275 

Dies, 0.0162 

Belting,  lacing, 0.0116 

Stems,  screens,      .......  0.0070 

Cocks,  valves, 0.0021 

Lubricant  and  miscellaneous,        ....  0.0076 

Power, O.SoOO 

Total, $0.4882 

The  labor-cost  is  total,  including  that  in  the  shops  and  mill 
indirectly  chargeable  to  crushing,  as  also  maintenance  and  re- 
pairs. The  power-item  is  71  per  cent,  of  the  cost  of  milling. 
Wood  is  used  as  fuel  and  costs  $5.50  per  cord  of  180  cubic 
feet. 


[15] 


138      CYANIDE-PLANT   AND    PRACTICE    AT   THE    MINAS   DEL   TAJO. 

IX.  Cyaniding. 

1.  Sand-Plant. 

There  are  four  redwood  collecting-tanks,  each  35  ft.  in  diam- 
eter by  4.5  ft.  deep,  fitted  with  pine  filter-bottoms  supporting 
cocoa-matting  and  6-oz.  duck  filter-cloth.  The  filter-cloth  is 
protected  by  1.5-in.  strips  spaced  2  in.  apart.  The  filter  and 
strips  take  up  6  in.  of  the  depth  of  the  tank. 

Each  tank  has  a  radial-arm  distributor,  and  four  side-outlets 
for  the  overflow  of  slime.  The  outlets  are  4-in.  pipes,  and  have 
a  lattice  and  curtain  in  front  to  control  the  overflow.  There 
are  also  four  bottom-doors. 

The  pulp  from  the  batteries  is  delivered  to  the  hopper  of  the 
distributor  and  spread  over  the  tank  (Fig.  4).  The  sand  set- 
tles, while  the  slime  overflows  the  curtains  and  is  delivered  to 
a  launder  running  to  the  slime-plant.  As  the  sand  collects  the 
curtains  are  raised,  the  endeavor  being  to  overflow  as  much  of 
the  slime  as  possible.  During  the  collection  and  until  the 
charge  is  transferred  to  the  treatment-tanks,  the  sand  is  drained 
by  two  pipes  leading  from  the  bottom  of  the  tank.  A  charge 
amounting  to  145  tons  drains  to  15  per  cent,  of  moisture  after 
30  hours. 

Charges  are  allowed  to  stand  as  long  as  possible  before  trans- 
ferral,  usually  60  hr.  The  sand  is  then  shoveled  through  the 
bottom  discharge-doors  to  cars,  and  charged  into  the  treatment- 
tanks.  Low,  wide,  gable-bottom  2-ton  cars  are  used.  The  turn- 
tables beneath  the  tanks  have  ball-bearings  which  permit  very 
easy  handling  of  the  cars. 

The  cars  containing  the  sand  are  trammed  over  the  treat- 
ment-tanks on  movable  bridges  (Fig.  6).  Two  cars  are  han- 
dled at  a  time;  the  sand  is  charged  evenly  over  the  surface  of 
the  tank  and  leveled  oflT.  The  traveling-bridges  are  a  cheap 
and  efficient  means  of  filling  the  tanks,  and  no  vibration  is 
transmitted  to  the  tank  to  cause  settling  and  channeling  of  the 
sand.  The  work  of  charging,  done  by  contract,  costs  $0.05 
per  ton. 

The  leaching-tanks,  14  in  number,  are  the  same  size  as  the 
collecting-tanks.     The  canvas  filter  is  held  in  place  by  0.5  by 

1  in.  strips  spaced  5  in.  apart  and  radiating  from  the  discharge- 
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doors,  which  protects  the  cloth  while  the  sand  is  being  dis- 
charged. 

In  charging  the  tanks  the  sand  increases  20  per  cent,  in 
volume.  Strong  solution  is  run  on  immediately  after  charg- 
ing, and  the  sand  allowed  to  soak  for  6  hr.  The  charge  sub- 
sides during  this  time  and  occupies  about  24  cu.  ft.  to  the  ton. 
Before  charging,  the  sand  will  occupy  from  20  to  22  cu.  ft.  per 
ton. 

The  sand  leaches  rapidly  and  drains  to  25  per  cent,  of  mois- 
ture in  6  hr.  After  the  first  addition  of  solution  and  draining, 
the  leaching-cocks  are  left  open  for  all  succeeding  leaches  till 
the  tank  is  ready  to  be  discharged. 

The  solution  from  the  slime-plant,  consisting  of  the  decanta- 
tions  from  the  last  treatments  of  the  slime,  is  pumped  to  two 
supply-tanks  situated  above  the  sand-plant.  This  solution, 
which  carries  from  1  to  1.5  oz.  of  silver  and  from  0.03  to  0.06 
oz,  of  gold,  is  brought  up  to  a  strength  of  0.25  per  cent, 
of  KGN  by  addition  of  cyanide.  This  solution  is  used  for 
the  first  or  strong  washes  on  the  sand,  being  run  on  the  tanks 
every  8  hr.  with  continuous  draining.  The  tanks  drain  to 
from  22  to  25  per  cent,  of  moisture  between  the  additions  of 
solution. 

When  the  silver  dissolves  rapidly  the  addition  of  strong  solu- 
tion is  stopped  aft;er  three  days,  and  solution  from  the  slime- 
plant  is  used  without  addition  of  cyanide.  It  takes  from  three 
to  seven  days  to  bring  the  undissolved  value  of  the  sand  to  less 
than  2  oz.  of  silver  per  ton.  The  charge  is  then  allowed  to 
aerate  from  two  to  three  days. 

The  solutions  from  this  first  period  of  treatment  are  collected 
in  a  sump  and  pumped  to  the  high-grade  solution-tank  above 
the  precipitation-boxes. 

After  precipitation,  the  solution  is  used  for  the  barren  leaches, 
being  put  on  the  sand  after  it  has  been  thoroughly  aerated. 
This  precipitated  solution,  titrating  from  0.15  to  0.25  per  cent,  of 
KCN,  is  used  for  from  three  to  six  days  until  the  residue  and 
undissolved  values  of  the  sand  are  approximately  equal.  When 
the  leaches  drop  in  value  to  0.4  oz.  of  silver  and  0.01  oz.  of 
gold  per  ton,  the  tank  is  allowed  to  aerate  a  second  time  for  two 
or  three  days.  The  leachings  during  this  second  period  are  col- 
lected in  a  separate  sump.     The  sump-solution,  assaying  from 
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1  to  2  oz.  of  silver  per  ton,  is  pumped  to  the  second  tank  above 
the  precipitation-boxes. 

After  the  second  aeration,  water-washes,  in  lots  of  10  tons 
each,  are  continued  usually  for  two  days,  and  the  drainings  drop 
to  0.1  oz.  of  silver  per  ton,  a  trace  of  gold,  and  a  cyanide-con- 
tent of  from  0.02  to  0.03  per  cent,  of  KCN. 

After  the  final  water-washes,  the  tank  is  drained  and  sluiced 
to  the  river  through  the  four  bottom-doors.  It  takes  from  8 
to  10  hr.  to  discharge  the  sand,  since  the  tanks  are  shallow. 
One  man  using  a  2-in.  hose,  under  a  40-ft.  head,  washes  out 
the  sand,  the  launders  carrying  the  discharged  sand  having  a 
3-per  cent,  grade. 

The  total  time  of  treatment  is  approximately  18  days,  which 
allows  for  from  four  to  six  days'  aeration  in  the  tanks.  Without 
this  aeration  a  much  larger  quantity  of  solution  is  necessary  to 
accomplish  the  work. 

The  leaching-tanks  are  fitted  so  that  the  precipitated  solu- 
tion or  barren  washes  may  be  applied  from  beneath.  This  is 
seldom  done,  however,  except  in  the  case  of  a  charge  which  is 
slow  to  dissolve. 

The  work  in  the  plant  has  shown  that,  provided  the  metal 
in  the  ore  is  soluble,  it  can  be  dissolved  and  removed  from 
sand  as  rapidly  as  from  slime,  and  more  cheaply.  The  essen- 
tial point  is  that  the  charge  of  sand  shall  be  uniform  and  leach- 
able.  The  cost  of  treating  sand  is  much  less  than  that  for 
slime,  and  for  this  reason  the  endeavor  has  been  to  treat  as 
sand  as  much  of  the  product  as  possible. 

The  ore  treated  during  the  first  year  of  the  present  plant 
was  almost  entirely  unoxidized  ore,  and  weak  solutions  were 
used.  The  second  year  a  large  amount  of  oxidized  ore,  often 
containing  much  organic  matter  from  the  surface-soil  mixed 
with  it,  was  treated.  This  ore  contained  in  addition  a  large 
amount  of  manganese  dioxide  in  the  form  of  wad,  and  gave 
difficulty  in  both  the  sand-  and  slime-plants.  To  date,  no  cer- 
tain remedy  has  been  found  to  overcome  the  difficulty  due  to 
the  manganese.  The  trouble  is  one  that  will  have  to  be  solved 
by  chemistry.  Fine-grinding  tests  have  shown  no  increase  in 
extraction.  The  use  of  bromocyanogen  has,  in  some  experi- 
ments, given  a  slightly  better  extraction  than  with  cyanide 
alone. 
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Tables  VI.  to  XI.  give  the  details  of  operations  at  the  sand- 
plant. 

Table  VI. — Results  of  Operations  at  the  Sand-Plant^  1907. 

The  ore  treated  was  unoxidized  mine-ore.    The  strength  of  the  strong  solution 
iras  0.20  per  cent,  of  KCN. 


1907,      Quantity 
Month.  '  of  S&nd. 


■  Tons. 

Mar 3,190 

Anril 2,900 

Biay 8.190 

June 3,190 

July 8,335 

Aug 8,080 

„ I 

Total '  18,885 


Away  of 
Heads. 


Values  in  Sand. 


Assay  of 
Tailings. 


Quantity 
Recovered. 


Gold.  :  Silver. 


Oz.per 
Ton. 
0.168 
0.147 
0.189 
0.167 
0.149 
0.188 


0.159 


Oz.per 
Ton. 
4.68 
5.00 
4.78 
4.63 
3.45 
4.97 


4.60 


Gold. 
Fine  Oz. 

Silver. 

Gold. 

Silver. 

Fine  Oz. 

Oz.  per 

Oz.per 

Ton. 

Ton. 

'   536.50 

14,984.0 

0.01 

0.77 

429.20 

14,762.0 

0.01        0.75 

443.70 

15,257.5 

0.01 

0.78 

533.30 

15,094.5 

0.01 

0.78 

497.85 

11,513.0 

0.01 

0.74 

579.60 

15.830.0 

0.01 
0.01 

1.24 
0.84 

3,019.65 

86,891.0 

Fine  Oz. 

504.60 
400.20 
411.80 
501.40 
474.00 
548.80 


Fine  Oz. 

12,469.0 
12,572.5 
12,906.5 

!  12,586.0 
9.033.5 

I  11.508.0 


$5.. 59 


8105,861.67 


80.63 


2,880.80    I   71,077.5 
f94,aM.:i9 


Average  recovery  for  the  six  months  :  gold,  93.7  ;  silver,  81.8  per  cent.     With 
ailver  at  $0.50  per  oz.  the  combined  extraction  is  88.8  per  cent. 


Table  VII. — Results  of  Operations  at  the  Sand-Plant^  1908. 

There  was  an  increased  amount  of  oxidized  ore  in  Jiilj,  while  the  ore  milled 
during  most  of  the  period  was  nearly  half  oxidized.  The  strength  of  the  strong 
solution  was  0. 20  per  cent,  of  KCN. 


190S,      Quantity 
Month,    of  Sand. 


Assay  of 
Heads. 


Values  in  Sand. 


Assay  of 
Tailings. 


Feb... 
Har.. 
April. 
May... 
June.. 
July.. 


Tons. 

3.045 
3.335 
3.480 
•2.900 
3,045 
3.045 


Gold.  I  Silver.  I     Gold.       Silver.    I  Gold. 


,  Oz.  per 
.   Ton. 
I    0.181 
;    0.157 

0.187 
,    0.156 

0.171 
•    0.180 


Oz.per 

Fine  Oz. 

Ton. 

4.52 

553.90 

4.82 

524.90 

4.96 

482.85 

5.3.S 

453.85 

5.73 

521.00 

3.59 

626.40 

Fine  Oz. 

13.775.0 
16,080.5 
17.284.0 
16.457.0 
17.4S8.0 
19,474.0 


Silver. 


Oz.  per   Oz.  per 


Ton. 
O.Ol 
0.01 
O.OI 
0.01 
0.02 
0.02 


Ton. 
0.94 
0.97 
0.49 
1.10 
1.10 
1.50 


Quantity 
Recovered. 


Gold.    '    Sliver. 


Ounces. 

62S.4,"s 
491.55 
438.05 
424.85 
460.10 
556.80 


Total 18.850         0.167       5.33        3,162.90    100,528.5      0.013'     1.03        2,901.90      80,961.3 


Ounces. 

10,904.0 
12,832.5 
15.585.3 
13,'267.0 
14a08.5 
14.254.0 


86.12 


$115,641.39 


80.78 


8100.519.93 


Average  recovery  for  the  six  months  :  gold,  91.  8  ;  silver,  80.5  per  cent.     With 
silver  at  $0.50  per  oz.  the  combined  extraction  is  87.4  per  cent. 
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Table  VIII. — Results  of  Operations  at  the  Sand-Plan,  1909. 


IIHW,  Mtmlh. 


March, 
April.. 
May..., 
June... 


Quaniity 
of Sand. 

Assay  of 
Heads. 

Gold.     Silver. 

0£.per   Oz.per 
Ton.       Ton. 
0.269     5.69 
0.241      6.25 
0.260     6.55 
0.231     6.52 

0.250     6.25 

AKsay  of 
Tailings. 

Recoverj-. 

1 

Gold. 

Silver. 

Ok.  per 
Ton. 

1.15 

1.40 

1.30 

1.30 

1.29 

1 
Gold.    Silver. 

Tons. 

3,190 
3,045 
3,190 
3,335 

12,760 

Oz.per 
Ton. 
0.02 
0.02 
0.02 
0.02 

0.02  1 

Per         Per 
CJent      Cent. 
92.5  '    79.8 
91.7      77.6 
92.3  '   80.15 
91.3  1   80.0 

92.0      79.3 

18.28 

$1.05 

1 

87.3 

A  diagrammatic  chart  showing  the  dissolution  and  extraction 
of  gold  and  silver  from  a  charge  of  sand  is  given  in  Fig.  6. 
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Fi«.  6.— Chart  Showing  Dissolution  and  Extraction  of  Gold  and 

Silver  from  a  Charge  of  Sand. 
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Table  IX. — Screening- Tests  at  the  SandrPlant. 


Tnoxidized  Ore. 


I! 


Oxidized  Ore. 


Heads. 


Tails. 


Heads. 


Tails. 


Size. 


as 


Unscreened. 
Screen  40.... 
Screen  00... 
Screen  80.... 
Screen  100... 

Screen  l&O 

Through  150» 


§ 

Gold. 

Silver. 

Per 

Oz.per 

Oz.per 

Gent. 

Ton. 

Ton. 

•««•••••• 

0.34 

4.5 

9.0 

0.12 

2.2 

20.0 

0.16 

2.6 

22.0 

0.40 

2.8 

11.0 

0.86 

3.2 

16.0 

0.42 

4.1 

21.0 

0.48 

9.0 

Gold. 

Silver. 

.      i' 

Oz.per 

Oz.per  1 

Ton. 

Ton. 

0.015 

1.0 

0.025 

1.4 

0.020 

0.9 

0.012 

0.8 

0.010 

0.8    : 

0.018 

0.8    , 

0.015 

1.3 

s 

9 

OP 


Gold. 


Per 

Oz.per 

Cent. 

Ton. 

!•••••••• 

0.22 

u.o 

0.20 

24.5 

0.14 

20.5 

0.14 

18.2 

0.20 

15.0 

0.20 

15.2 

0.26 

Silver. 


Gold. 


>z.per 

Oz.per 

Ton. 

Ton. 

6.4 

0.02 

4.4 

0.02 

4.0 

0.02 

4.3 

0.015 

5.4 

0.015 

5.4 

0.02 

13.2 

0.03 

Silver. 

Oz.per 
Ton. 
2.1 
1.8 
2.0 
1.8 
1.2 
2.1 
3.0 


Table  X. — Sizing-  Tests  of  Sandy  Using  Different  Baiteri/'Screens. 


Quantity  by  Weight. 


Battery-Screen . 


I 

0.6-mm.  slot |    10.0 

1.0-mm.  needle. 
0.6-mm.  needle. 

0.6-mm.  tin 

0.6-mm.  tin 

0.6-mm.  tin 


On  40. 

On  60. 

Per 

Per 

Cent. 

Cent. 

10.0 

20.0 

11.7 

19.5 

9.0 

21.0 

5.0 

19.3 

8.5 

24.5 

5.0 

18.5 

On  80.    On  100. 


Per 
Cent. 
17.0 
19.2 
17.0 
12.6 
22.0 
17.6 


Per 
Cent. 
13.0 
13.2 
11.0 
12.3 

7.0 
16.6 


On  150.  Through  150. 

""Per  Per  Cent. 
Cent 

15.0  ;       25.0  (21.0  sand,  4.0  slime). 

19.7  ,  18.7  (16.0  sand,  2.7  slime). 
16.0  26.0  (21.0  sand,  5.0  slime). 
19.0  30.3  (24.0  sand,  6.0  slime). 
16.0  22.0  (14.0  sand,  8.0  slime). 

82.8  10.0  (  8.5  sand,  1.5  slime). 


Table  XI. — Results  of  a  Typical  Treatvient  of  Sand, 

Charge,  145  tons  of  sand.     Collected,  9N6. 

Residue :  gold,  0.26  oz. ;  silver,  7.1  oz.  per  ton.    Drained  from  9  N  6  to  4  N  10. 

Undissolved  :  gold,  0.18  ;  silver,  5.7  oz.  per  ton. 

Dissolved:  gold,  30.7;  silver,  19.7  per  cent.  Transferred  to  treatment-tank, 
12  D  10. 

Solution  added  three  times  daily.  The  quantity  given  is  the  sum  of  the 
additions. 


Solution. 

- 

\                 ~                  "  ~              "" 

Leach  ings. 

Indissolved. 

Residue. 

i?          Strength. 

1     "S 

S 

1    o^ 

1 

1   KCN. 

CaO. 

KCN. 
Per 

CaO. 
Per 

Gold. 
Oz.per 

Silver. 
Oz.  per 

Gold. 
Oz.pi?r 

Silver. 
Oz.per 

Gold. 

1 

Silver. 

Tons. 

Per 

Per 

Oz.  per 

Oz.per 

Ont. 

Cent. 

Cent. 

Cent. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

Ton. 

1 

44        0.23    ;    O.Ol 

0.12 

0.08 

0.256 

5.35 

0.12 

4.0 

0.19 

5.5 

•> 

43 

0.20    ,    0.03 

0.15 

0.08 

0.180 

4.50 

0.06 

,      3.3 

0.1« 

4.3 

3 

46 

0.25        0.05 

0.15 

0.07 

0.120 

2.77 

t    0.04 

!      2.2 

0.09 

3.0 

4 

47     '    0.20         0.08 

0.17 

0.07 

0.07 

1.60 

0.04 

1.8 

0.08 

2,4 

6 

40         0.15         0.03 

0.20 

0.08 

0.03 

1.00 

o.as 

1.7 

(1.06 

2.3 

6 

Charge  aerated. 

' 

7 

Char 

ge  aerated. 

8 

Char 

ge  aSrat  ed. 

9 

41 

0.13        0.09 

0.13 

0.03 

0.05 

1.70 

0.02 

1.5 

0.04 

1.7 

10 

44 

0.14        0.09 

0.12 

0.07 

0.028 

0.80 

0.02 

1.4 

0.03 

1.5 

11 

44 

0.18 

0.09 

0.12 

0.07 

0.020 

0.50 

0.01 

1.4 

0.03 

1.4 

12 

44 

0.19 

0.09 

0.11 

0.08 

0.014 

0.44 

0.015 

1.2 

0.03 

1.2 

13 

Char  ge  a#rat 

ed. 

14 

Chargea§rat 

ed. 

15 

.35    1  water 

wash 

0.11 

0.08 

0.019 

0.48 

0.02 

1.0 

0.02 

1.0 

16 

12    1  water 

wash 

0.07 

0.07 

0.01 

0.50 

0.015 

0.9 

0.02 

1.1 

17 

35      water 

wash 

0.04 

0.06 

0.005 

0.20 

0.015 

1.0 

0.01 

0.9 

18 

23 

water  ' 

wash 

0.02 

0.07 

0.002 

0.06 

0.015 

1.0 

0.02 

1.0 

PerCt. 

PerCt. 

Recov 

ery 

92.3 

85.9 
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The  slime  was  separated  from  the  product  finer  than  150- 
mesh  by  washing  and  settling,  that  portion  being  taken  as  sand 
that  would  settle  and  leave  the  solution  clear  in  80  seconds. 

A  summary  of  the  cost  per  ton  of  sand  treated  for  a  period 
of  seven  months,  based  on  a  total  quantity  of  23,925  tons,  is 
given  in  Table  XII. 

Table  XIL— Cost  Pei^  Ton  of  Sand  Treated. 

I^bor  (native), $0.1066 

'      Employees  (white), 0.0324 

Cyanide, 0.2367 

Lime, 0.1040 

Filter-cloths, 0.0074 

Shovels, 0.0028 

Pipe  and  sundries, 0.0025 

Miscellaneous, 0.0130 

Power, 0.0934 

Total, 10.5988 

2.  Slime-Plant. 

The  slime-plant  consists  of  two  collecting-tanks,  35  ft.  in  diam- 
eter by  9  ft.  6  in.  deep,  and  ten  treatment-tanks,  24  fb.  in  diam- 
eter by  9  ft.  6  in.  deep,  with  filter-presses,  necessary  pumps, 
etc.     All  the  tanks  are  of  redwood  with  3-in.  staves. 

The  treatment-tanks  are  arranged  in  two  lines  of  five  tanks 
each  (Fig.  7).  Each  tank  is  equipped  with  a  mechanical  agi- 
tator consisting  of  two  cross-arms,  driven  by  crown-wheel  and 
spur-gear  frona  a  line-shaft  over  the  top  of  the  tanks.  The 
friction-clutch  (Fig.  8)  used  in  driving  each  gear  has  proved 
efiicacious  in  saving  gears,  is  simple,  and  does  not  get  out  of 
order.  There  has  been  but  one  gear  replaced  in  two  years. 
The  arms  revolve  six  times  per  minute. 

There  is  a  4-in.  centrifugal  pump  connected  to  each  tank. 
These  pumps  are  driven  by  friction-clutch  pulleys  from  a  line- 
shaft  between  the  tanks,  running  at  800  rev.  per  min.  They 
handle  the  contents  of  a  tank  in  1  hr.  15  min.  The  pumps 
have  solution-lubrication,  and  the  runners  and  shaft  last  for 
two  years.  The  runners,  of  the  inclosed  type,  have  given  no 
diflBiculty  in  pumping  thick  or  sandy  slime,  and  have  a  much 
greater  efficiency  than  open  runners  of  the  star  type.  Each 
pump  requires  1.5  and  each  agitator  1  horse-power. 

The  agitator-arms,  6  by  8  in.  in  size,  have  1-in.  cast-iron  rods 
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driven  through  them  and  projecting  6  in.  These  rods  protect 
the  bottom  of  the  arms  from  wear  bj  the  sand  settling  in  the 
bottom  of  the  tank.  The  vertical  shaft,  which  drives  the  cross- 
arms,  is  set  in  a  step-box  bolted  to  the  bottom  of  the  tank,  and 
the  casting  to  which  the  cross-arms  are  bolted  is  faced  to  fit 


Fig.  8. — Special  Clutch  of  IIome-Made  Construction. 


the  step-box.  In  this  way  no  sand  is  able  to  enter  the  box, 
and  all  the  boxes  examined  to  date  are  in  as  good  condition 
as  when  first  installed. 

The  power  for  the  slime-plant  is  supplied  by  an  80-h.p.  slide- 
valve  engine,  which  runs  the  agitators,  the  treatment-pumps, 
and  the  centrifugal  pumps  for  the  batteries  and  storage-tanks. 

[23] 
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The  pulp  overflowing  from  the  sand-collecting  tanks  is  deliv- 
ered by  a  6-in.  pipe,  set  on  a  1-per  cent,  grade,  to  a  box  at  the 
side  of  one  of  the  85-ft.  slime-collecting  tanks.  At  the  oppo- 
site side  of  the  tank  is  a  slotted  decanting-pipe,  through  which 
the  overflow  of  solution  passes  to  the  second  tank.  Prom  the 
second  tank  a  similar  pipe  carries  the  solution  to  the  battery- 
sump,  whence  it  is  returned  to  the  battery-supply  tank  by  the 
centrifugal  pumps  or  a  6-in.  steam  pump. 

The  flow  of  solution  from  the  batteries  is  approximately  60 
tons  per  hour.  With  the  two  collection-tanks  in  series  a  clean 
overflow  of  solution  is  possible  with  the  most  slimy  ore. 

Slime  charges  are  drawn  from  the  collecting-tanks,  at  inter- 
vals depending  on  the  time  of  treatment  and  the  tanks  avail- 
able, by  a  4-in.  centrifugal  pump  running  1,200  rev.  per  min. 
This  pump  transfers  a  charge  of  35  tons  in  30  min.  During 
the  transference  of  a  charge  the  agitators  in  the  collection- 
tanks  are  revolved  to  prevent  the  slime  from  packing  in  the 
tank ;  these  agitators  are  similar  to  those  in  the  treatment-tanks, 
but  turn  2  rev.  per  minute. 

The  charge,  after  transference  from  the  collecting-tanks,  is 
agitated  with  pump  and  stirrer,  settled,  and  decanted.  This 
operation  is  repeated,  using  weak  precipitated  solution.  The 
number  of  treatments  given  varies  with  the  ore.  Practically 
all  the  gold  is  dissolved  in  from  4  to  6  hr.  after  the  first  agita- 
tion begins,  while  the  silver  dissolves  slowly  and  quite  uni- 
formly whether  the  pulp  is  being  agitated  or  not.  For  this 
reason  short  agitations  are  given  and  as  much  time  as  pos- 
sible is  devoted  to  settlement  and  decantation,  the  object  of  the 
agitations  being  chiefly  to  mix  thoroughly  the  slime  and  solu- 
tion. 

The  addition  of  oxygen  from  the  air,  necessary  for  the  dis- 
solution of  metals  by  cyanide,  is  much  better  made  to  the  clean 
solution  before  it  is  mixed  with  the  slime,  for  it  is  much  more 
soluble  in  clean  solution  than  in  a  thick  pulp,  and  therefore  fre- 
quent additions  of  fresh  solution  are  preferable  to  continued 
agitation  of  a  thick  pulp.  This  method  has  been  found  to- 
give  the  best  results,  even  after  the  necessity  for  thorough 
washing  has  been  obviated  by  the  installation  of  the  filters. 

Clean  unoxidized  ore,  settled  12  hr.,  contains  55  per  cent,  of 
moisture.     Mixed  ore  containing  from  30  to  40  per  cent,  of  oxi* 
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dized  ore,  settled  the  same  time,  contains  from  60  to  70  per 
-cent,  of  moisture.  The  presence  of  from  5  to  10  per  cent,  of 
fine  sand  in  the  slime  greatly  increases  the  rate  of  settle- 
ment, and  at  the  same  time  decreases  the  amount  of  moisture 
in  the  pulp.  Pulp  during  agitation  has  a  specific  gravity  of 
from  1.18  to  1.21 ;  after  settlement  and  decantation  it  runs  from 
1.24  to  1,28. 

There  are  ten  tanks  available  for  the  treatment  of  slime ;  one 
is  used  as  a  supply-tank  for  the  filters,  and  of  the  nine  remaining, 
two  are  at  present  used  for  the  treatment  of  slime  accumulated 
during  the  last  years  of  the  pan-amalgamation  plant.  With  the 
seven  tanks  remaining,  70  hr.  are  available  for  treatment,  charg- 
ing a  tank  every  10  hr.  Four  agitations  are  given,  the  first  of 
8  hr.  and  the  three  following  of  4  hr.  each,  which  allows  time 
for  four  12-hr.  decantatioiis  and  2  hr.  for  the  cljarging  of  thp 
tank  and  the  transference  of  the  charge  to  the  filter-supply 
tank.  The  transference  is  done  by  the  same  pump  used  in 
charging  the  treatment-tanks. 

The  results  of  the  treatment  of  a  typical  charge  of  mixed  ore 
in  the  slime-plant  are  shown  in  Table  XIII.  The  data  cover 
three  periods,  in  which  the  ore  and  treatment  have  varied.  In 
the  first  period,  that  of  1907,  Table  XIV.,  clean  unoxidized  ore 
was  treated  and  weak  solutions  were  used.   In  the  second  period. 

Table  XIII. — Results  of  a  Typical  Treatment  of  Slime. 

Dry  slime  charged,  35.5  tons.     Specific  gravity  of  the  pulp  charged,  1.2. 

Solution  in  charge,  92  tons. 

Agitation  by  means  of  pump  and  stirrer. 

Solution  added  at  beginning  of  each  treatment  is  precipitated  solution. 


Agitation. 


Decantation. 


Solution 
^       Strength. 

g ,^-  -- 

t-|  KCN.  :    CaO. 


c      Per    •     Per 

X'  Cent.  I  Cent. 

8     0.09    I    0.07 

4     0.10        0.05 

4     0.11     I    0.04 

4     0.10    I    0.04 

Dlflcharge  to  \ 

filters ) 


Assay  Pulp,  Beginning  of 
Agitation. 


Residue. 

Undissolved. 

! 

■ 

i 

Gold. 

SilTCr. 
6z.per 

Gold. 

SiWer. 
0«.per 

0z.per 

Oz.  per 

.  1 

1    Ton. 

Ton. 

Ton. 

Ton. 

.a 

0.25 

8.8 

0.14 

6.7 

12 

0.19 

7.0 

0.02 

1.7 

.12 

0.18 

6.2 

0.01 

1.4 

!l2 

0.08 

3.8 

0.01 

1.5 

:i4 

0.(U 

2.8 

O.Ol 

11 

1 

■  •• 

1 

Assay  Pulp,  End 

Assay 

of  Agritation. 

Decanted 

Solution. 

itity 

Undissolved. 

Quar 

Gold. 

Silver. 

Gold.  :  Silver. 

Tons. 

0z.per 

Oz.per 

0z.per  Oz.per 

Ton. 

Ton. 

Ton.       Ton. 

27 

0.085 

2.5 

0.04 

2.3 

28 

0.060 

2.4 

0.04 

1.5 

SO 

0.045 

1.4 

0.01     ;      1.3 

32 

0.026 

1.0 

0.01    1      1.1 

•  ■  ■ 

0.027 

l.O 
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Table  XIV. — Results  of  Operations  at  the  Slime-Plant. 


Strength  of 
Solution. 

Charging. 

Discharge. 

Extraction. 

1907. 

Dry 

Solution 

1 

Montli. 

Slime. 

Ratio. 

- 

— 

1   ,                    _ 

1 

Tons. 



KCN. 
Per 

CaO. 
Per 

Gold. 
Oz.per 

Silver. 

Gold. 
6z.per 

Silver. 
Oz  per 

Gold. 
Per 

Silver. 

Oz.per 

1     Per 

Cent. 

Cent. 

Ton.       Ton. 

Ton. 

Ton. 

Cent. 

;  Cent. 

March  .. 

1,677 

6.0 

0.130 

0.018 

0.434       10.7 

0.01 

1    1.06 

97.7 

90.07 

April 

May 

1,640 

5.3 

0.135 

0.027 

0.291         9.1 

1    0.01 

1.08 

96.3 

86.7 

1,766 

5.2 

0.124 

0.030 

0.3:i7 

7.3 

,    0.01 

1.12 

98.7 

84.6 

June 

1,686 

6.K 

0.103 

0.014 

0.291 

5.7 

1    0.01 

0.08 

96.5 

85.8 

July 

2,065 

5.4 

0.098 

0.006 

0.308  ■      5.1 

0.01 

0.96 

96.7 

81.3 

August- 

2,197 

5.0 

0.106 

0.006 

0.144         4.8 

0.012 

1.53 

91.4 

72.2 

Total 

11,031 

0.294       6.83 

O.OI 

1.11 

96.6 

83.6 

With  silver  at  S0..^>0 

f9.49 

SO 

.76 

91 .9  Per  Cent. 

l'.K)8. 

« 



Feb 

2,145 

3.91 

0.109 

0.013 

0.240       6.71 

0.01 

2.  a') 

91.9 

69. :i 

March... 

2.206 

4.89 

0.113 

0.020 

0.402       7.15 

0.01 

2.07 

97.6 

71.0 

April 

May 

2,459 

4.5 

0.124 

0.019 

0.318       6.56 

0.02 

1.65 

93.6 

74.7 

2,307 

5.5 

0.099 

0.007 

0.272       6.90 

0.01 

2.02 

96.3 

70.0 

June 

2,142 

5.31 

0.097 

0.008 

0.338       7.32 

0.02 

1.89 

94.0 

74.1 

July 

2,393 
i:i,Co2 

5.0 

0.086 

0.009 

0.389  ;     8.05 

0.025 
0.0.6 

2.23 
1.99 

92.5 

72.0 

Total 

0.318  i    7.12 

94.9 

72.0 

- 

1 

With  silve 

ratl0..')C 

1 

fl0.13 

$1. 

32 

86.9  Per  cent. 

i<«(n». 

1 

March... 

2,648 

4.0 

0.191 

0.029 

0.246         7.6 

0.010 

1.15 

d5.9 

84.8 

April 

2,878 

3.8 

0.156 

0.036 

0.275 

7.2 

0.010 

1.23 

96.3 

84.7 

May 

2,858 

4.0 

0.144 

0.045 

0.222 

6.9 

0.011 

1.26 

95.0 

81.7 

June 

2,747 
11,126 

1 

4.0 

0.108 

0.033 

0.262 
0.251 

7.6 
7.4 

0.012 

1.30 

95.4 
95.6 

82.8 

Total 

0.011 

1.24 

83.2 

IVilh  silve 

r  at  f0.5C 

\ 

■  ■  ■■  ■  ■  ^ 

18.88 

90.84 

90.. •»  Pe 

r  C«nt. 

that  of  1908,  a  large  amount  of  unoxidized  ore  was  treated,  the 
strength  of  the  solutions  remaining  the  same.  The  last  period 
is  for  1909,  oxidized  ore  being  treated,  but  with  a  solution 
stronger  in  cyanide.  In  this  latter  period  the  work  of  the 
filters  is  shown. 

A  comparison  of  the  cost  of  slime-treatnient  before  and  after 
the  installation  of  filters  is  sriven  in  Table  XV. 


3.  Filters. 

The  filter-plant  has  two  Oliver  continuous  filters,  each  of  60 
tons  capacity.  These  filters  consist  of  drums,  11  ft.  6  in.  in 
diameter  by  8  ft*  wide,  revolving  on  horizontal  axes  in  boxes 
or  tanks.     The  outer  surface  of  the  drums  is  divided  into  eec. 
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Table  XV. — Cost  of  Treatment  of  Slime. 


Item. 


Before  Infttallatlon  of 

Filtera.  CoBt  Per  Ton 

of  Slime  Treated. 


After  Installation  of  Filters,  Cost  Per 
Ton  of  Slime. 


Native  labor... 

Supervision 

Cjanide. 

Lime. 

Pumpe,  piping. 
Belts,  lacing... 

Labricant 

Miscellaneous  . 


$0.0803 
0.0513 
0.6007 
0.1710 
0.0036 
0.0085 
0.0088 
0.0364 


Total. 
Power.. 


$0.9606 
0.2534 


Total. 


Tons  treated. 


$1.2140 
17,540 


Slime-Plant. 

$0.0890 
0.0497 
0.3434 
0. 1035 
0.0013 
0.0084 
0.0022 
0.0099 

$0.6074 

0.1419 
0.7493 


Filten. 


$0.0372 
0.0215 


0.0012 
0.0067 
0.0033 
0.0066 

$0.0765 

0.0835 
0.1600 


$0.9093 
11,126 


tions  and  covered  with  the  filtering- medium.  The  drums  are 
partly  submerged  in  the  pulp  to  be  filtered  (kept  from  settling 
by  air-agitation)  and,  as  they  revolve,  a  vacuum  applied  to  the 
sections  builds  up  a  cake  of  slime  on  the  surface.  As  the  sec- 
tions leave  the  pulp  they  are  dried  by  the  vacuum  and  then  a 
water-wash  is  applied  and  drawn  through  the  slime.  Just 
before  the  section  enters  the  pulp  again,  air,  under  pressure,  is 
admitted  to  the  chamber  and  the  cake  is  discharged.  The 
cycle  is  then  repeated,  the  whole  work  being  continuous  and 
automatic. 

The  construction  of  the  filters  is  shown  in  Figs,  9  and  10. 
The  drum  is  built  of  3.5-in.  staves  firmly  bolted  to  the  spiders. 
The  perimeter  of  the  drum  is  divided  into  24  sections  by  1-in. 
strips.  Small  strips,  0.5  by  0.5  in.,  nailed  1  in.  apart,  form 
channels  for  the  passage  of  solution  in  each  section.  Two  0.5- 
in.  pipes  are  connected  to  each  section,  which  pass  through  the 
hollow  shaft  supporting  the  drum  to  a  plate  at  the  end. 

The  plate  has  two  circles  of  24  holes  each,  to  which  the 
pipes  are  connected.  Facing  this  plate  is  a  second  plate,  hav- 
ing a  groove  or  channel  opposite  the  outer  circle  of  holes.  An 
adjustable  bridge  in  this  groove  covers  one  hole,  so  that,  the 
channel  being  connected  to  the  vacuum-pumps,  a  vacuum  is 
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Fig.  9. — Oliver  CoxTiNrous  Filter.    Transverse  Section  and  Elevation. 


1.  Redwood  tank. 

2.  False  bottom. 

3.  Cast-iron   spiders  supporting  filter- 

drum. 

4.  Hollow  trunnion   carrying  spiders, 

piping,  etc. 
o.  Main  bearings. 

6.  Worm-drive  gear. 

7.  Stuffing-boxes. 

8.  Redwood  staves  for  filter-drum. 

9.  Filter  medium. 

10.  Division-strips  dividing   filter    into 
sections. 


11.  Steel-wire  protection  for   filter  me- 

dium. 

12.  Steel  scraper. 

13.  Adjusting-screw      and      lever     for 

scraper. 

14.  Tailings-apron. 

15.  Vacuum-pipes  from  filter-sections  to 

automatic  valve. 
1(>.  Pressure-pipes  from  filter-sections  to 

automatic  valve. 
17.  Automatic  valve. 
IS,  Adjusting-lever  for  valve. 
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Fig.  10. — Oliveb  Filter.    Longitudinal  Section  and  Elevation. 


19.  Flexible  vacuam-hose  for  working- 

solution. 

20.  Flexible  vacuum-hoee  for  waah-solu- 

tion. 

21.  Vacuom-chamber    containing    float 

check-valve. 

22.  Vacuum-gauge. 

23.  Pipe  to  dry-vacuum  pump. 

24.  Pipe  to  Bolution-pump. 

25.  Pressure-pipe  for  blowing  filter-sec- 

tions. 

26.  Wash  spray-pipe. 

27.  Discharge  spray-pipe. 


28.  Agitator-pipe. 
!  29.  Tie-rods. 
^  30.  Agitating  ai]^noz2le. 

31.  I-beam  frame. 

32.  Worm-shaft. 

33.  Worm. 

34.  Oil-well  for  worm. 

35.  Thrust-collars  for  worm. 

36.  Post-bearings  for  worm-shaft. 

37.  Driving-pulleys. 

38.  High-speed  pulleys  for  wiring. 

39.  Flange  for  drain. 
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applied  to  23  of  the  sections.  Air  under  pressure,  passing 
through  the  pipe  connected  to  the  inner  circle  of  holes  in  the 
plate,  is  admitted  to  the  section  that  is  cut  off  from  the  vacuum 
by  the  bridge.  As  the  drum  revolves  the  vacuum  is  cut  oft 
from  each  section  in  turn  and  air  is  admitted. 

A  screen  is  placed  on  the  strips  forming  channels  in  the  sec- 
tions. The  strips  dividing  the  drum  into  sections  are  planed 
level  with  the  surface  of  the  screens.  A  layer  of  burlap  covers 
the  screens  and  on  this  the  canvas  is  placed.  The  canvas  is 
drawn  tight  and  calked  into  a  groove  around  the  edge  of  the 
drum.  To  bind  the  canvas  firmly  to  the  division-strips,  the 
drum  is  wound  with  spring-steel  wire.  The  wiring  makes 
each  section  tight  and  prevents  the  canvas  from  bulging  when 
the  cake  is  discharged. 

The  drums  are  submerged  for  three-fifths  of  a  revolution* 
Every  section  as  it  enters  the  pulp  is  connected  to  the  vacuum- 
pumps.  As  the  drum  revolves  the  section  picks  up  a  cake  of 
slime  and,  upon  leaving  the  pulp,  this  cake  is  dried  by  the 
vacuum.  A  water-wash  is  then  applied  in  the  form  of  a  drip, 
in  much  the  same  manner  as  clean  water  is  added  in  cleaning 
the  concentrate  on  a  vanner.  This  water  is  drawn  through 
the  cake  until  the  vacuum  is  cut  off  and  the  cake  discharged. 
The  discharge  takes  place  just  before  the  section  enters  the 
pulp  for  a  repetition  of  the  cycle.  The  drums  revolve  once 
every  4  min. 

The  air  and  solution  from  the  sections  go  to  a  chamber  that 
is  connected  to  the  wet-  and  dry-vacuum  pumps.  Here  the 
solution  and  air  are  separated,  the  wet-vacuum  pump  being 
connected  to  the  base  of  the  chamber,  the  dry-vacuum  pumps 
to  the  top. 

Two  one-cylinder  dry-vacuum  pumps  and  one  double-cylin- 
der solution-pump  are  used.  (These  wet-  and  dry-vacuum 
pumps  have  been  displaced  by  a  wet-vacuum  pump  which 
maintains  a  26-in.  vacuum  and  takes  less  power.)  A  small 
compressor  furnishes  air  at  from  5  to  10  lb.  pressure  to  dis- 
charge the  slime  and  agitate  the  pulp  in  the  filter-boxes.  To 
operate  the  pump,  compressor,  and  drums,  18  h.p.  are  re- 
quired. With  this  equipment  the  capacity  of  the  filters  is 
125  tons  of  dry  slime  per  day. 

The  vacuum,  maintained  at  25  in.,  yields  a  cake  of  slime 
varying  from  ^  to  |  in.  thick,  depending  on  the  character  of 
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the  slime  filtered.  Between  the  time  a  section  leaves  the  pulp 
and  the  application  of  the  water-wash,  the  slime  is  dried  to  35 
per  cent,  of  moisture.  The  amount  of  water  drawn  through 
the  cake  is  practically  equal  to  the  moisture  in  the  slime.  As 
the  pulp  ordinarily  filtered  has  a  specific  gravity  of  1.24,  the 
amount  of  solution  passed  through  the  filters  is  large,  the  ratio 
of  solution  to  slime  in  the  pulp  being  2.3  to  1. 

In  treating  oxidized  ore,  33  per  cent,  of  moisture  is  dis- 
charged in  the  residue,  which  is  chiefly  clay  having  the  char- 
acter of  a  colloid.  A  certain  quantity  of  tailings  from  the  for- 
mer pan-amalgamation  plant  has  been  re-treated  in  the  slime- 
plant.  These  tailings  contained  a  large  amount  of  fine  sand 
from  the  pans,  and  the  filters  reduced  the  moisture  in  this 
material  to  25  per  cent. 

The  water-wash  almost  completely  displaces  the  gold,  silver, 
and  cyanide  in  the  cake.  The  quantity  of  cyanide  discharged 
is  from  0.1  to  0.3  lb.  per  ton  of  dry  slime.  The  undissolved 
content  of  the  slime  filtered  is  practically  equal  to  the  content 
of  the  discharged  residue,  the  difference  between  the  two  be- 
ing 0.1  oz.  of  silver. 

The  lime  in  the  solutions  gradually  deposits  in  the  cloth  and 
cuts  down  the  capacity  of  the  filters.  To  rectify  this,  the  cloth 
is  washed  once  every  two  weeks  with  dilute  hydrochloric  acid. 
The  washing  takes  an  hour,  and  7  lb.  of  acid  is  used  in  treat- 
ing one  drum. 

There  is  290  sq.  ft.  of  filter-surface  on  each  drum.  Filtering 
60  tons  per  day,  per  drum,  each  square  foot  handles  400  lb.  of 
dry  slime.  The  canvas  lasts  from  three  to  five  months.  To 
re-cover  and  re-wire  a  drum  takes  from  12  to  18  hours. 

The  cost  of  re-covering  a  drum  is : 

13  yd.  No.  12  duck,  104  in.  wide,  .         .  .114.48 

25  yd.  8-oz.  burlap, 2.65 

77  lb.  No.  17  spring-steel  wire,       ....         6.70    123.83 
Mechanic  and  3  peones,  16  hr.,         ....  10.00 

Total, $33.83 

Tons  filtered  by  cloth,     ....         4,000 

Cost  per  ton  filtered, $0.0084 

One  peon  attends  the  filters  and  machinery,  an  expense  which 
would  not  be  necessary  in  the  United  States,  where  labor  is  effi- 
cient, since  the  greater  part  of  the  time  no  attention  is  needed 
beyond  the  oiling  of  the  machinery. 
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The  cost  of  the  operation  of  the  filters  given  in  connection 
with  the  slime-plant  includes  a  proportion  of  the  charges  for 
supervision  of  mill,  shiftmen,  time-keeper,  watchmen,  and  shop- 
charges  for  mill.  The  direct  cost  of  operation  per  ton  of  dry 
slime  filtered,  not  including  pro  rata  supervision,  etc.,  is : 


Labor, $0.0161 

Covering  dram,  material, 0.0060 

CovenDg  drum,  labor, 0.0022 

Bepairs  and  supplies,  .0.0112 

Lubricant, 0.0033 

Power, 


10.0388 
0.0835« 


Total, 


<>  Filters  running  under  capacity. 


10.1223 


In  Table  XV  I.  the  results  of  operations  at  the  filtering-plant 
for  a  period  of  four  months  are  given.  During  this  time  the 
amount  of  slime  filtered  was  less  than  the  capacity  of  the  filters. 

Table  XVI. — Results  of  Operations  at  the  Filtering-Plant. 


Qaantity 
of 
Dry  Slime. 


Chaiging. 


Solution  Recovered. 


Diacharge  Bceidue. 


Undis-      „    , . 
solved.   I  Residue. 


Silver.    .     Silver. 


Tons. 

2,648 
2,878 
2,853 
2,747 


11,126 


Oi.  Per 
Ton. 
1.10 
1.25 
1.09 
1.17 


Ox.  Per 
Ton. 

2.13 

2.49 

2.78 

2.80 


KCN. 

CaO. 

Per 

Per 

Cent. 

Cent. 

0.152 

0.02 

0.128 

0.02 

0.117 

0.03 

0.086 

0.02 

Gold. 


Oz.i*er 
Ton. 
0.020 
0.023 
0.025 
0.020 


Ot  Per 
Ton. 

I  0.83 
1.01 

I  1.03 
1.06 


Ox.  Per 
Ton. 

0.010 

0.010 

0.012 

0.012 


Silver 


Os.  Per 
Ton. 

1.15 
1.23 
1.24 
1.30 


1.15 


2.55        0.120  .    0.02  ,  0.023      0.98        0.011 


1.24 


$0.85 


Pigs.  11,  12,  and  18  are  photographic  views  of  an  Oliver 
50-ton  continuous  filter  operated  by  the  North  Star  Mine  Co., 
Grass  Valley,  Cal.,  which  illustrate  the  manner  of  removing 
the  slime  from  the  drum. 

4.  Precipitation, 

The  solutions  from  the  sand-  and  slime-plants  are  collected  in 
sumps  situated  at  the  foot  of  the  plant.  Centrifrigal  pumps 
deliver  the  solution  for  precipitation  to  two  tanks  placed  above 
the  precipitation-room,  which  is  40  by  80  ft.  in  area.   A  plan  of 
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Fi<i.  12.— The  50-Ton  Oliver  Filteb  ok  the  North  Star  Mines  Co.,  Gr, 
Vai.i.ev  Cal.,  Showino  the  Removal  of  Caked  Slime  bv  Sckapek. 


Fio.  13.  —The  SO-Ton  Olivku  Filter  of  thk  North  Star  Mines  Co^  Gram 
VALLEi-,  Cal.,  SiiowiN(i  the  Remuval  of  Caked  Slime  by  Water-Sprav. 
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this  room,  ebowing  the  position  of  the  zinc-boxes,  furnaces, 
etc.,  is  given  in  Fig.  14.  Along  one  side  of  the  room  are  zinc- 
precipitation  boxes  of  two  types,  arranged  as  shown  on  Fig.  15; 
8  are  of  sheet  steel,  having  10  compartments,  12  by  22  by  27 
in. ;  6-mesh  screens  are  placed  5  in.  above  the  bottom.  The 
bottoms  are  hopper-shaped  and  discharge  through  2-in.  iron 
cocks  to  the  clean-up  launder,  which  delivers  the  solution  and 
precipitate  to  the  sump  situated  in  the  middle  of  the  room  on 
the  side  containing  the  boxes^^ 

Two  pairs  of  wooden  boxes  are  placed  on  the  other  side  ot 
the  sump,  each  having  five  compartments,  24  by  24  by  22  in.,  and 
one  compartment,  12  by  24  by  22  in.,  used  for  settling.     The 


Fig.  14. — Plan  of  Precipitation- Room,  Showing  the  Position  of  Zinc- 

BoxBs,  Fcrnaces,  Etc. 

boxes  have  one  side  in  common.  The  bottom  slopes  to  the 
side,  the  precipitate  being  delivered  to  the  sump  by  a  launder 
along  the  side  of  the  box.  These  boxes  have  4-mesh  screens 
placed  5  in.  above  the  bottom.  Both  sets  of  boxes  are  set  3  ft. 
above  the  concrete  floor,  which  is  drained  to  a  sump.  The 
precipitated  solutions  flow  to  two  tanks  at  the  side  of  the 
building. 

The  precipitate  is  delivered  on  to  a  screen  over  the  clean-up 
tank,  which  is  of  redwood,  6  ft.  in  diameter  by  4  ft.  deep,  and 
is  fitted  with  a  canvas  filter.  This  tank  drains  into  the  sump, 
above  which  it  is  placed.  The  solution  obtained  from  the 
clean-up  is  pumped  by  a  2-in.  steam-pump  to  a  24-in.  Shriver 
filter-press,  holding  24  frames,  each  1  in.,  the  effluent  solution 
from  which  goes  to  the  head  of  the  low-grade  extractors.     The 
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precipitate  is  settled  in  the  tank,  drained  over  night,  and  put 
into  the  drier; 

The  drier  consists  of  a  steel  box  with  cast-iron  plates  for  a 
base,  resting  on  a  flue  shaped  like  the  letter  U.  The  flames 
from  a  small  fire-box  at  one  end  thus  pass  twice  the  length  of 
the  drier  before  reaching  the  stack.  A  small  fire  serves  to 
dry  from  four  to  eight  trays  of  precipitate,  weighing  from  440 
to  1,000  lb.,  in  five  hours. 

On  the  side  of  the  room  facirig  the  precipitation-boxes  are 
two  pairs  of  melting-furnaces,  each  18  in.  in  diameter  and  26 
in.  deep.  There  is  a  stack  for  each  pair  of  furnaces,  natural 
draft  alone  being  used. 

Two  grades  of  solution  are  precipitated.  The  high-grade 
solution,  consisting  of  the  first  drainings  from  sand-plant,  runs 
from  3.5  to  4.5  oz.  of  silver  and  from  0.15  to  0.25  oz.  of  gold 
per  ton.  Six  of  the  steel  boxes  are  used  to  receive  this  solu- 
tion. Nine  of  the  10  compartments  are  filled  with  zinc;  the 
last  compartment  being  used  as  a  settler.  Each  set  of  boxes 
contains  30  cu.  ft.  of  zinc-shavings.  The  rate  of  flow  of  solu- 
tion has  varied  from  1.1  to  2.7  tons  of  solution  per  24  hr.  per 
cubic  foot  of  zinc ;  the  precipitation  is  good  at  a  rate  up  to  8 
tons  per  cubic  foot  of  zinc ;  above  this  rate  it  falls  off. 

The  low-grade  solution  comprises  the  intermediate  washes 
from  the  sand  and  the  first  decantations  from  the  slime.  These 
solutions  carry  from  1  to  2  oz.  of  silver  and  from  0.03  to  0.06  oz. 
of  gold  per  ton.  The  solution  coming  from  the  slime-plant 
was  until  recently  sent  to  the  extractors  without  filtering.  This 
gave  no  trouble  and  the  precipitate  was  of  good  grade ;  but  in 
order  to  avoid  a  slow  accumulation  of  slime  in  the  sump  the 
solution  is  now  filtered. 

The  low-grade  solutions  are  precipitated  in  two  of  the  steel 
and  two  of  the  wooden  boxes.  The  wooden  boxes  are  more 
convenient  and  easier  to  clean.  The  size  of  the  compartments 
is  more  suitable  for  a  silver  solution  than  the  smaller  ones  of 
the  steel  boxes.  The  rate  of  flow  for  the  wooden  boxes  has 
varied  from  4  to  8  tons  of  solution  per  24  hr.  per  cubic  foot  of 
zinc.  The  precipitation  takes  place  almost  entirely  in  the 
first  two  compartments,  the  solution  having  ample  cyanide 
for  good  precipitation. 

An  interesting  feature  of  the  work  is  the  regeneration  of 
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cyanide.  As  will  be  seen  from  Tables  XVII.  and  XVIEL,  the 
cyanide-strength  of  the  solution  leaving  the  boxes  is  greater 
than  that  of  the  entering  solution.  Drip-samples,  taken  at  the 
head  and  foot  of  the  boxes,  have  shown  a  regeneration  of  cyanide 
for  a  period  of  two  years,  due  to  the  lime  present,  which  reacts 
with  the  zinc  in  solution,  forming  zinc  hydrate  and  liberating 
the  cyanide. 

Table  XVII. — Results  of  Precipitating  High-Grade  Solutions. 

(Monthly  Averages. ) 


Incoming  Solution. 

Outgoing  Solution. 

Date. 

KCN. 

CaO. 

Gold. 

Silver. 

KCN. 

CaO. 

"Per' 
Cent. 
0.020 
0.059 
0.083 
0.071 
0.031 
0.025 
0.052 
0.060 

Gold. 

SUver. 

SUyer 
Precipi- 
tate. 

Sept, '08 

Per 
Cent. 

0.137 

0.136 

0.143 

0.124 

0.184 

0.215 

0.210 

0.170 

Per 
Cent. 

0.015 

0.038 

0.074 

0.069 

0.027 

0.025 

0.047 

0052 

0«.  Per 
Ton. 

0.150 

0.182 

0.179 

0.210 

0.165 

0.163 

0.161 

0.153 

Oe.  Per 
Ton. 

3.19 

3.57 

3.40 

3.76 

2.82 

3.69 

Per 
Cent 
0.150 
0.154 
0.161 
0.142 
0.192 
0.2^ 

Ox.  Per 
Ton. 
0.002 
0.002 
0.003 
0.002 
0.001 
0.002 
0.002 
0.0u2 

0*.  Per 
Ton. 

0.020 

0.017 

0.020 

0.033 

0.040 

0.047 

0.080 

0.032 

Per 

Cent. 

99.3 

Oct, '08 

99.5 

Nov., '08 

99.4 

Dec,  '08. 

Feb.,  '09 

99.1 
97.9 

Mar.,  '09 

98.7 

Apr.,  '09 

May.  '09 

4.46     6.222 
4.13  '  0.181 

98.2 
99.2 

1 

1 

1 

i 

Table  XVIII. —  Results  of  Precipitating  Lorv- Grade  Solutions. 

(Monthly  Averages.) 


Date. 


Incoming  Solution. 


KCN.      CaO. 


Outgoing  Solution. 


Gold.     Silver.  I  KCN. 


Per 
'    Cent. 

Sept., '08 ,  0.102 

Oct,  '08 ....'0.103 

Nov., '08 '0.125 

Dec,  '08 ■  0.105 

Feb., '09 ,  0.155 

Mar., '09 0.167 

Apr., '09 !  0.156 

May, '09 i  0.143 


Per 
Cent. 

0.021 

0.026 

0.035 

0.028 

0.023 

0.032 

0.035 

0.044 


Oz.  Per 
Ton. 
0.027 
0.037 
0.040 
0.035 
0.044 
0.040 
0.034 
0.033 


Per 
Cent. 
0.103 
0.103 
0.128 
0.110 
0.160 
0.191 
0.156 
0.147 


CaO. 


Per 
Cent. 
0.020 
0.027 
0.<31 
0.029 
0.024 
0.029 
0.036 
0.045 


Gold.    Silver. 


07..  Per 
Ton. 
0.001 
0.001 
0.001 
0.001 
0  001 
0.001 
0.001 
0.001 


Silver 
Precipi- 
tate. 


The  slight  variation  of  the  plant-solution  after  two  years'  use 
is  shown  in  Table  XIX.  The  first  analysis  was  made  after  the 
plant  had  been  running  three  weeks  and  the  solutions  were 
fresh ;  the  others  follow  at  intervals  of  six  months.  For  all  practi- 
cal purposes  the  solutions  have  remained  the  same.     The  in- 
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crease  in  oxidized  ore  carrying  organic  matter  accounts  for  the 
increase  in  reducing-power. 

Table  XIX. —  Composition  of  the  Plant-Solution. 


Date. 


Gold,  OS.  per  ton 

Silver,  os.  per  ton 

KCN,  percent 

Protect.  CaO,  per  cent. 
Total  CaO,  percent.... 
Bedacing-power 


March,  1907. 


Sept.,  1907. 


Bedaci  ng-po  wer. 
Ferrocyanide^per  cent. 
Copper,  percent. 
Zinc,  per  cent 


A. 
0.120 
3.06 
0.180 
0.024 
0.132 
0.730 
0.018 
0.038 
0.065 


B. 
0.001 
0.05 
0.220 
0.040 
0.164 
0.860 
0.022 
0.018 
0.084 


A. 

0.158 

3.05 

0.120 

0.035 

0.105 

0.540 

0.060 

0.038 

0.036 


B. 
0.002 
0.02 
0.130 
0.042 
0.105 
0.600 
0.072 
0.017 
0.045 


Sept.,  1908.  March,  1909. 


A. 
0.150 
3.19 
0.137 
0.015 
0.103 
0.340 
Nil. 
0.014 
0.027 


B. 
0.002 
0.02 
0.150 
0.020 
0.124 
0.313 
Nil. 
0.002 
0.045 


0.163 
3.69 
0.215 
0.025 
0.180 
0.619 
NiL 
0.019 
0.038 


fi. 
0.002 
0.04 
0.224 
0.025 
0.210 
0.561 

Nil. 
0.008 
0.068 


A.  Strong  plant-eolution  after  passing  through  the  sands. 

B.  Same  solution  after  precipitation. 

During  1907  caustic  soda  was  used  as  the  neutralizing  agent, 
and  coincident  with  its  use  there  developed  a  considerable 
amount  of  ferrocyanide  in  the  solution.  Upon  changing  to  the 
use  of  lime  alone  the  amount  of  ferrocyanide  dropped  and  is 
now  nil.  Furthermore,  lime  prevents  the  fouling  of  the  solu- 
tion by  iron,  precipitating  it  as  ferric  hydrate.  It  also  has  the 
advantage  of  being  a  good  settling-agent  for  the  slime. 

The  boxes  are  cleaned  up  each  week.  Half  the  strong  and 
half  the  weak  boxes  are  cleaned  one  day,  the  remainder  three 
days  later.  The  boxes  are  all  dressed  with  zinc  on  clean-up 
days.  Two  natives  attend  to  this  work.  The  flow  of  solution  being 
stopped,  the  coarse  zinc  remaining  in  the  head-compartment 
is  rinsed  in  the  compartment  and  transferred  to  a  tub  of  water. 
When  the  coarse  zinc  has  been  removed,  the  solution  and  pre- 
cipitate are  discharged  into  the  launder.  A  layer  of  new  zinc 
is  placed  on  the  screen  and  the  washed  zinc  returned.  The 
compartments  are  cleaned  in  rotation,  the  zinc  removed  going 
first  to  fill  the  head-compartment,  and  then  the  others  in  order. 
When  all  the  zinc  has  been  returned,  there  remain  two  or  three 
compartments  empty,  which  are  filled  with  fresh  zinc  and  the 
flow  of  solution  started.     The  overflow  is  clear  on  starting  the 

boxes. 

The  fine  zinc  and  precipitate  is  delivered  by  the  launder  to 
a  No.  40  brass  screen  over  the  clean-up  tank.  The  fine  pre- 
cipitate passing  the  screen  settles  on  the  filter-cloth  and  the 
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rate  of  filtration  decreases.  To  avoid  delay  from  this  cause, 
the  excess  solation  arising  from  the  washing  of  the  zinc  is 
pumped  from  the  top  of  the  tank  to  a  filter-press. 

The  fine  zinc  remaining  on  the  screen  is  well  washed  with 
water  and  returned  to  the  head-compartments  of  the  zinc- 
boxes.  In  two  years  there  has  been  no  accumulation  of  short 
zinc. 

The  precipitate  in  the  tank  is  drained  over  night  and  the 
following  morning  is  placed  in  the  drier.  About  95  per  cent 
of  the  clean-up  is  obtained  from  the  tank,  the  remainder  pass- 
ing to  the  filter-press.  The  press  is  cleaned  bi-monthly,  the 
product  amounting  to  about  250  kg.  An  hour  is  sufficiejit  to 
clean  the  tank  and  place  the  product  in  the  drier.  To  clean 
the  press  properly  takes  from  4  to  6  hr.  A  set  of  cloths  for 
the  press  costs  $26,  while  the  filter  in  the  tank  costs  $3.  The 
durability  is  approximately  the  same,  from  eight  to  ten  months. 
The  amount  of  precipitate  obtained  each  week  is  approxi- 
mately 1,000  pounds. 

When  all  solutions  were  filtered  before  precipitation  the  per- 
centage of  fine  metal  in  the  precipitate  was  69.2  per  cent,  for 
a  period  of  live  months.  The  average  of  the  succeeding  five 
months,  during  which  period  20,000  tons  of  solution  were  sent 
to  the  extractors  without  filtering,  was  66.6  per  cent. 

5.  Melting, 

Four  furnaces,  18  in.  in  diameter  by  26  in.  deep,  are  used 
for  melting  the  precipitate,  using  No.  80  Dixon  and  No.  100 
Battersea  crucibles.  The  fuel  is  a  mixture  of  3  parts  char- 
coal to  1  of  coke.  Natural  draft  is  used,  giving  ample  heat. 
The  crucibles  are  handled  with  a  lever  hung  from  an  overhead 
track  serving  the  four  furnaces.  Two  natives,  working  from 
12  to  16  hr.,  flux  and  melt  the  week's  clean-up  into  bars. 

The  dried  precipitate  is  broken  up  and  bedded  on  a  zinc- 
lined  table  and  the  flux  added.  The  flux  consists  of:  ground 
borax-glass,  20 ;  assay-slag,  6,  and  sand,  from  2  to  4  per  cent. 
The  fluxed  precipitate  is  put  in  manila-paper  bags  for  charging 
into  the  pots. 

The  fires  are  started  the  first  thing  in  the  morning,  and  after 
the  crucibles  are  hot  they  are  filled  with  the  precipitate.  As 
the  charge  subsides  more  is  added  till  the  charge  is  fluxed. 
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This  uBually  takes  from  an  hour  to  an  hour  and  a  half.  A 
melt  requires  an  additional  hour.  The  pours  are  made  into 
conical  molds,  the  slag  obtained  being  practically  as  glassy  as 
the  average  assay- slag  and  free  from  shot. 

The  melts  are  arranged  to  give  from  16  to  20  kg.  of  bullion, 
two  melts  going  to  make  a  bar.  The  bullion  from  the  cones 
has  a  thin  skin  of  matte,  soft  and  malleable.  The  cones  ot 
bullion  are  remelted  with  borax-glass  and  iron,  the  amount  of 
iron  used  depending  on  the  quantity  of  matte  on  the  bullion. 
The  iron  serves  to  make  a  matte  which  is  easily  removed  from 
the  bars,  and  at  the  same  time  reduces  the  value  of  the  matte  by 
replfkcing  some  of  the  silver.  The  melted  bullion  is  skimmed 
till  clean,  thoroughly  stirred,  two  dip-samples  taken,  and  then 
poured  into  molds.  The  bars  are  cleaned  with  dilute  sul- 
phuric acid.  The  average  fineness  of  gold  and  silver  during 
1908  was  932. 

The  dip-samples  are  bored  and  the  borings  used  for  the 
assays.  Much  more  reliable  and  concordant  results  are  ob- 
tained than  when  the  dip-samples  are  poured  into  water  or  the 
bars  bored. 

The  skimmings  from  the  bars  are  remelted  with  addition  oi 
excess  of  iron  and  10  per  cent,  of  sodium  bicarbonate.  Clean 
slag,  matte,  and  bullion  are  obtained,  the  bullion  separating 
cleanly  from  the  matte.  The  quantity  of  matte  obtained  in  a 
year  is  small,  amounting  to  about  500  lb.  The  composition  of 
the  matte  before  remelting  is :  Ag,  45.8 ;  Au,  0.2 ;  Cu,  20.9 ; 
Fe,  2.8,  and  Pb,  8.6  per  cent. 

After  remelting  with  addition  of  iron  the  average  analysis 
is:  Ag,  11.84;  Au,  0.013;  Cu,  18.0,  and  S,  22.4  per  cent. 

Due  chiefly  to  the  fiact  that  no  acid  is  used  in  treating  the 
precipitate,  the  slag  formed  is  not  corrosive.  Crucibles  are 
used  for  20  or  25  melts  without  relining.  Old  crucibles  are 
cleaned  and  ground  up.  The  graphite  thus  obtained  is  mixed 
with  solution  of  sugar  till  it  has  the  consistency  of  molding- 
sand  and  is  used  in  relining  the  crucibles.  A  lining  0.5  in. 
thick  is  tamped  in  cleaned  crucibles  and  then  slowly  dried. 
After  thorough  drying  and  annealing  the  relined  crucibles  are 
good  for  10  more  melts.  The  work  is  done  by  the  men  em- 
ployed in  the  melting-room. 
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A  portion  of  one  typical  clean-up  was  carefully  sampled  and 
assayed.  The  bullion,  slag,  and  matte  were  likewise  analyzed. 
The  composition  of  the  precipitate  was : 

Per  Cent. 

Silver, 67.71 

Gold, 2.62 

Copper, 7.43 

Zinc, 4.81 

Lead, 2.12 

Sulphur  (combioed), 0.39 

SiO, 6.28 

CaOO, 5.54 

FejOs 1.84 

AljOs 0.73 

MgCOi 0.13 

KCN,  NaCN, traces 

Organic  matter,  undetermined. 

Total, 99.60 

The  precipitate  before  melting  contained  8.08  per  cent,  of 
moisture. 

The  results  of  melting  were : 

Ounces. 

Dry  weighl  of  precipitate  melted, 5,363.9 

Ground  borax-glass, 1,220 

Assay-slag, 450 

Sand 375 

Total, 7,408.9 

The  recovery  of  the  precious  metals  was  as  follows : 

Ag.  Au. 

Ounces.        Ounces. 

.  „««  «  .  .  f  67.71  per  cent.  Ag  =        3,631.89 

5,363.9  oz.  precipitate  .  |     2.62  per  cent  Au  =  140.53 

Ana-r,       u  11-  /  ^^'27  per  cent.  Ag  =        3,566.09 

4,09/.5  OE.  bullion,        .  |     3  37  ^  ^^^  ^^ 

f     0.96  per  cent  Ag 
3,156.0  oz.  slag,    .        .  j  ^^^^  ^^  ^^^  ^^ 

t  19.11  per  cent  Ag  =  8.29 

43.4  02.  matte,  .        .   [  ^^^^  ^^^  ^^^   ^^  _ 


138.08 
0.96  per  cent  Ag  =  30.29 

1.01 


0.025 

Total  recovery, 3,604.67      139.115 

Percentage  of  recovery, 99.25  99.01 
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The  composition  of  the  slag  was : 

Per  Cent. 

Ag .0.96 

Au 0.03 

CuO 1.62 

FeO 2.57 

Al^ 5.64 

CaO 7.24 

MgO 2.13 

PbO 7.36 

SiOa 23.40 

ZnO 8.51 

S 0.23 

NaaO 13.20 

BpjOs  .         - 29.74 

The  analysis  of  the  matte  was : 

Per  Cent 

Ag 19.11 

Au 0.059 

Cu 22.95 

Fe 31.64 

S 23.40 

Zn 1.68 

The  costs  of  precipitation  and  melting,  Table  XX.,  are  given 
together,  as  the  work  is  interdependent.  Two  men  are  em- 
ployed in  the  work,  cleaning  the  boxes  and  melting.  The  zinc 
is  cut  in  the  machine-shop,  and  the  cost  of  cutting  is  included 
in  the  labor  and  power  items. 

Table  XX. — Cost  of  Precipitation  and  Melting. 

Per  Fine  Ounce. 
Per  Ton  of  Ore.    Gold  and  Silver. 

Labor, $0.0174  $0.0032 

Supervision, 0.0168  0.0030 

Zinc, 0.0600  0.0111 

Coke, 0.0055  0.0010 

Charcoal, 0.0063  0.0009 

Borax-glass, 0.0158  0.0029 

Crucibles  and  covers,          ....  0.0044  0.0006 

Power, 0.0017  0.0003 

Miscellaneous  supplies,      ....  0.0030  0.0005 

Total, $0.1299  $0.0235 

These  figures  in  Table  XX.  are  the  average  for  a  period  ot 
seven  months,  during  which  time  224,890  fine  ounces  of  gold 
and  silver  were  precipitated  and  melted. 
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The  returns  from  the  mill-treatment  of  both  unoxidized  and 
oxidized  ores  are  given  in  Table  XXI. 

Table  XXI. — Mill-Returns  on  Unoxidized  and  Oxidized  Ores. 


1907, 
Month. 


March... 
April-... 

May 

Jane.~... 

July 

August.. 


Total. 


Quantity 
Milled. 


Tons. 

4,867 
4,540 
4.966 
4^76 
5,400 
6,277 


29,916 


With  silver  at  90.50 


Unoxidieed  Ore. 


Assay  of 
Heads. 


Quantity 
Present. 


Quantity 
Recovered. 


Silver.     Gold. 


Oz. 

1,265.42 
906.00 
1,040.00 
1,028.96 
1,184.00 
897.091 


I 


Silver.      Gold. 


Oa. 

82.996.0 
26,148.0 
28.249.0 
24,867.6 
22,140.0 
25367.3 


5.42       6,269.28162,259.9 


1210,714.98 


Ox. 

1,216.76 
862.60 
991.20 
975.20 

1.080.00 
889.20 


Silver. 

Oa,' 

28,740.0 
26,184.7 
23.909.5 
20,978.3 
17,678.3 
18.669.0 


5,964.96  134,159.8 


$190,875.62 


Recovery. 


Gold.    Silver. 


Per 
Cent. 
96.1 
95.0 
95.2 
95.2 
95.2 
95.4 

95.1 


Per 
Cent. 
87.0 
85.9 
84.6 
84.3 
79.8 
72.2 

82.6 


90.8 


1906. 


February.... 

March 

April 

May.. 

June 


5490 
5,541 
5,989 
5,207 
5,187 
5378 


TotoL I     82,987 

With  silver  at  90.50 


0.206 
0.256 
0.218 
0.208 
0.240 
0.245 


Oxidised  Ore. 


5.43 
5.75 
5.68 
6.22 
6.89 
6.60 


0.228       6.00 


•7.71 


1,069.14 
1,412.95 
1,265.00 
1,088.05 
1,244.88 
1,438.88 


28,181.7 
31,860.7 
38.486.5 
82387.5 
88,144.9 
38,761.8 


7313.90197,773.1 


$254,198.86 


1,017.24 
1,868.91 
1,181.02 
1,031.01 
1.141.14 
1,821.42 


20,907.1 
24,165.8 
27,568.4 
24328.0 
25,741.4 
25,926.9 


7,060.74148322.6 


$220,150.10 


98.8        75.2 

>■  ^  ' 

86.0 


1909. 


March. 
AprU... 
May.... 
June... 


Total. 


Quantity 
Milled. 


Tons. 

5,838 
5,928 
6,043 
6,082 


28,886 


With  silver  at  $0.60 


Oxidized  Ore. 


Assay  of  Heads.         Assay  of  Tails. 


Gold. 

Oz.  per 
Ton. 
0.258 
0.258 
0.242 
0.245 

0.251 


$8.58 


Gold. 


Oz.  per 
Ton. 
0.015 
0.015 
0.016 
0.016 


6z.  per 
Tom. 
1.15 
1.31 
1.28 
1.80 


0.016    i      1.26 


$0.96 


Recovery. 


Silver.   I    Gold. 


Silver. 


Per 
Cent. 
94.02 
94.14 
93.38 
93.88 


93.62 


Per 
Cent 
82.49 
80.44 
81.15 
81.42 

81.44 


88.81 


[43] 


166      CTANIDB-PLANT   AND   PRACTICE   AT   THE   MINA8   DEL  TAJO. 

X.  Cost  of  Milling  and  Ctanidino. 

The  total  cost  for  the  year  1908  was  approximately  f  1.60 
per  ton.  So  far  daring  1909  the  cost  per  ton  is  lower,  largely 
due  to  an  increased  saving  in  cyanide  made  by  the  filters  and 
to  better  quality  of  wood  and  cyanide.  Included  in  the  labor, 
salaries,  and  miscellaneous  items  are  the  charges  for  work 
done  in  the  shops  for  the  mill.  Half  the  cost  of  the  assay- 
office  is  included  in  the  items  given  below  : 

Per  Ton  of  Ore. 
Labor, $0.3053 

Salaries, 0.1265 

Wood, 0.3205 

Cyanide, 0.3005 

Lime, 0.0926 

Zinc, 0.0682 

Shoes  and  dies, 0.0691 

Lubricant, 0.0143 

Borax, 0.0110 

Coke  and  charcoal, 0.0112 

Assay-supplies, 0.0047 

Cracibles, 0.0041 

Fittings, 0.0032 

Screens, 0.0013 

Miscellaneous, 0.0497 

ToUl, $1.3722 
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Borax-Deposits  of  the  United  States. 

Diaciiasion  of  the  paper  of  Charles  R.  Keyes,  presented  at  the  Spokane  meeting. 

Bulletin  No,  34,  October,  1909,  pp.  867  to  903. 

A.  M.  Strong,  Bishop,  Cal,  (communication  to  the  Secre- 
tary*) : — The  paper  of  Mr.  Keyes  gives  us  the  most  complete 
account  of  the  geology  of  the  borax-deposits  in  the  Death 
Valley  region  that  has  yet  been  published,  and  is  a  valuable 
addition  to  the  geological  literature  of  a  very  interesting  though 
little-known  territory.  During  the  past  ten  years  I  have  been 
over  much  of  the  northern  part  of  the  country  described  by 
Mr.  Keyes  and  the  region  immediately  north  of  it. 

Mr.  Keyes  seems  to  give  the  impression  that  Furnace  creek 
is  the  northern  end  of  these  borate-bearing  deposits,  but  such 
is  not  the  case.  Of  the  seven  principal  marsh-deposits  which 
for  years  furnished  the  greater  part  of  the  borax  supply  in  the 
manner  described  by  him,  four  are  north  of  the  boundary-line 
as  given  on  his  map.  The  entire  territory  immediately  east  of 
the  Sierra  Nevada  is  composed  of  a  series  of  sinks,  each  with 
a  well-defined  drainage-area.  Of  these.  Death  valley  is  the 
deepest,  and  its  drainage-area  one  of  the  greatest.  The  section 
given  in  the  paper  is  typical  of  any  line  drawn  eastward  from 
the  Sierra  Nevada.  At  the  lowest  point  of  each  of  these  sinks 
is  a  marsh,  which,  in  times  of  heavy  rain-fall  in  the  mountains, 
is  converted  into  a  lake.  These  marshes  always  contain  borax, 
which  is  now  considered  to  have  been  derived  from  the  wash- 
ing of  the  Tertiary  lake-beds  in  the  surrounding  mountains,  of 
which  they  form  a  considerable  part.  Additional  territory 
which  I  have  studied  shows  that  the  boundaries  given  on  Mr. 
Keyes's  map  should  be  considerably  extended  to  the  north. 
Just  how  far  these  borate-beds  extend  I  am  not  prepared  to 
say.     J.  E.  Spurr  says  of  them  :  ^ 

♦  Beceived  Nov.  1,  1909. 

'  Professional  Paper  No.  56,  U,  S.  Geological  iSurveyj  p.  161  (1906). 
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'^  .  .  these  older  colemanite  beds  are  characteristic  of  the  broad  belt  of  earlier 
Tertiary  sediments  which  runs  northwest  and  southeast  in  the  region  lying  imme- 
diately east  of  the  Sierra  Nevada  and  which  reaches  at  least  as  far  north  aa 
northern  Nevada  and  as  far  south  as  the  Mojave  desert'' 

In  the  Tertiary  sediments  north  of  those  outlined  by  Mr. 
Keyes,  colemanite  has  been  reported  by  W.  H.  Storms  and 
others  in  Pish  Lake  valley,  and  I  have  found  it  within  the 
Saline  Valley  drainage,  although  in  neither  place  is  it  in  paying 
quantities. 

In  the  main,  I  agree  with  Mr.  Keyes  in  regard  to  the  general 
geology  of  the  country,  though  there  is  not  much  data,  as  yet, 
on  which  to  work,  but  I  take  exception  to  his  statement  (page 
887): 

'^The  borate-bearing  deposits  are  usually  spoken  of  as  lake-beds.  Upon  what 
grounds  I  do  not  know.  Lithologically,  they  appear  to  be  the  same  from  Death 
valley  to  the  Pacific  ocean.  Only  in  the  western  part  of  the  Mojave  plain  have 
fossils  been  found,  and  these  are  marine  Eocene  and  Miocene  types  It  seems 
probable  that  if  strictly  marine  beds  extend  this  far  from  the  Pacific  into  the 
Mojave  area,  the  Death  Valley  beds  are  also  deposits  of  the  sea  rather  than  of 
extensive  lakes  in  the  process  of  desiccation. '' 

I  consider  that  there  is  ample  data  on  record  to  identify  these 
deposits  as  fresh-water  lake-beds. 
Mr.  Spurr  says :  * 

*^The  Tertiaries  at  Silver  Peak  contain  remains  of  fresh-water  moUusks,  fish, 
and  plants,  as  well  as  coal  beds." 

He  then  lists  a  number  of  specimens  from  within  the  Fish 
Lake  Valley  drainage-area.     Later  he  says :  * 

'*  Farther  south,  in  the  Funeral  Range,  at  Furnace  Creek,  the  writer  observed 
upturned  Tertiary  strata  resembling  those  at  Silver  Peak.  The  series  is  several 
thousand  feet  thick  and  rests  unconformably  upon  Paleozoic  limestones.  The  beds 
are  conglomerates,  clays,  sandstones,  and  chemically  precipitated  limestones  or 
travertine,  which  also  occurs  in  the  Tertiaries  at  Silver  Peak.  The  Furnace  Creek 
beds  are  often  gypsiferous,  contain  grass  remains,  and  include  also  a  bed  of  borate 
of  lime,  or  colemanite.  No  fossils  have  as  yet  been  found  in  them.  These  Ter- 
tiaries extend  southward  and  are  widely  distributed.  In  and  near  the  £1  Paso 
Range  Mr.  H.  W.  Fairbanks  has  described  a  series  of  tilted  clays,  sandstones, 
volcanic  tuffs,  and  interbedded  lavas.  This  series  is  at  least  1,000  feet  thick.  A 
seam  of  coal  occurs  in  these  beds,  near  which  are  found  fossil  leaves  which  Doctor 
Knowlton  regarded  as  probably  Eocene.     Farther  south,  in  the  Mojave  Desert, 


'  Professional  Paper  No,  55,  U,  S,  GtologieaJl  Survey,  p.  20. 
•  Op.  eU.y  p.  21. 
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near  Diggett,  i«  a  folded  and  faulted  aeries  of  sandatoneS)  shales,  and  tu£f8  more 
than  1,000  feet  thick.  The  series  oyerlies  rhyolite  and  contains  a  bed  of  cole, 
manite.  Mr.  W.  H.  Storms  who  has  described  this  occurrence,  regards  the  period 
-of  folding  as  perhaps  Oligocene." 

Sydney  H.  Ball,  in  speaking  of  this  territory,  says :  * 

'^The  Eocene  inaugurated  the  Tertiary  period  of  yolcanism  and  lake  sedi- 
mentation processes,  accompanied  by  important  deformation,  erosion,  and  ore 
formation." 

Also  : 

*'  The  climate  must  have  been  moist  and  the  presence  of  fossilized  wood  in  the 
lake  beds  shows  that  trees  flourished  near  its  shores.  While  the  lake  was  thus  for  the 
most  part  fresh,  periods  of  aridity  alternated  with  those  of  comparative  humidity, 
and  the  lake  or  portions  of  it  were  partially  desiccated,  permitting  the  local  pre- 
cipitation of  limestone,  gypsum,  and  boron  minerals." 

Again,  in  speaking  of  Furnace  creek,  he  says :  * 

*'The  Tertiary  lake  beds  consist  of  white,  yellow,  and  green  consolidated  clays, 
friable  sandstones  with  ironstone  concretions,  rounded  and  subangular  gravels,  and 
thin  limestone  lenses.  Much  of  the  clay  shows  sun  cracks  and  ripple  marks,  indi- 
cating that  the  lake  was  at  times  shallow  and  even  dry.  The  subangular  form 
of  certain  of  the  gravels  indicates  that  cloudbursts  at  times  spread  sheets  of  de- 
trital  deposits  over  the  lake  beds.  Golemanite  and  other  chemical  precipitates 
interbedded  with  the  other  deposits  were  laid  down  during  periods  of  unusual 
evaporation." 

Statements  of  the  same  kind  can  be  found  in  all  of  the  pub- 
lications of  the  U,  S.  Geological  Survey  relating  to  this  terri- 
tory. On  the  western  slope  of  the  White  mountains  and  Inyo 
mountains  are  thick  beds  of  clay  containing  large  numbers  of 
fresh-water  mollusks  and  quite  a  percentage  of  phosphates. 
Mastodon  remains  have  been  found  in  the  Owens  River  valley, 
and  this  summer  I  found  similar  remains  in  a  clay-bank  under 
the  lava  cap  on  the  west  side  of  the  Panamint  valley ;  also  land- 
snail  shells  in  the  surface-soil  of  a  granite  hill-side  a  short  dis- 
tance away. 

The  geologic  history  of  this  territory  since  the  end  of  the 
Jurassic  period  is  very  different  from  that  of  any  other  part  of 
the  United  States.  During  part  of  the  time  the  Sierra  Nevada 
was  covered  with  an  immense  glacial  sheet.  In  the  passing  of 
this  sheet  much  of  the  water  flowed  eastward,  as  shown  by  the 

*  BulleHn  No.  308,  U.  S.  Geological  Survey^  pp.  40,  41  (1907). 
»  Op,  eit.,  p.  198. 
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moraines  in  all  the  canons  on  the  eastern  slope.  This  was 
associated  with  a  period  of  intense  volcanic  activity,  with  its 
attendant  elevation  and  depression  of  ranges  and  valleys, 
making  constantly-changing  drainage-areas  and  occasioning  a 
great  amount  of  erosion  of  recently-formed  lavas.  That  the 
water  area  was  large  and  constantly  changing  is  shown  by  the 
great  extent  of  the  lake-bed  deposits  and  the  presence  of  the 
remnants  of  old  river-channels  now  high  on  the  ranges.  The 
remainsof  the  animal  and  plant  life,  so  far  as  known,  show 
that  the  climate  was  moist  and  warm,  at  least  at  times. 
These  conditions  resulted  in  the  accumulation  of  considerable 
amounts  of  boron  salts  and  associated  minerals  in  the  water  of 
the  lakes.  A  cutting-off  of  portions  of  these  lakes  by  fresh 
lava-flows  or  other  disturbances,  and  their  resulting  desicca^ 
tion,  left  the  colemanite-deposits  at  difterent  points  in  the  gen- 
eral stratification  of  the  sedimentary  rocks.  The  presence 
of  numerous  small  sinks,  some  with  a  drainage-area  of  only  a 
few  acres,  within  the  drainage-areas  of  the  large  sinks,  gives 
some  idea  of  the  geological  changes  of  the  past.  Mono  and 
Owens  lakes,  including  in  their  drainage-areas  the  well-watered 
eastern  slope  of  the  Sierra  Nevada,  are  good-sized  bodies  of 
water,  kept  up  by  an  inflow  equal  to  the  evaporation.  Still, 
they  have  all  the  characteristics  of  the  marshes  of  the  other 
sinks.  Both  contain  a  considerable  percentage  of  boron  salts, 
and  the  water  of  Owens  lake  is  extensively  worked  for  the  soda 
it  contains.  It  is  quite  probable  that  until  quite  recent  times 
there  was  a  general  connection  from  this  territory  to  the  open 
sea  by  way  of  the  Santa  Clara  valley,  as  suggested  by  Mr. 
Keyes. 

It  will  be  slow  and  difficult  work  to  get  at  the  relationship 
of  the  different  strata  and  exposure  of  the  lake-beds.  Con- 
stantly-changing conditions  during  the  times  in  which  they 
were  deposited,  the  great  faulting  and  tilting  that  they  have 
undergone,  the  desert  country  in  which  they  are  located,  and 
the  roughness  of  the  ranges  dividing  the  existing  drainage- 
areas,  all  add  to  the  complications.  Still,  they  are  of  great  in- 
terest to  the  prospector  as  well  as  to  the  geologist. 

Colemanite  may  be  found  in  other  places  than  those  now 
known ;  all  the  soluble  salts  of  the  alkalies  are  found,  and  it 
is  quite  probable  that  many  of  them  will  be  obtained  in  large 
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enough  quantities  of  a  purity  to  make  them  of  commercial 
value.  Several  small  beds  of  sulphur  are  known.  Gold-  and 
silver-deposits  are  found  in  the  Tertiary  andesites  and  rhyolites. 
Some  of  the  old  fragments  of  river-channels  have  been  found 
to  contain  placer  gold,  and  I  found  one  place  in  which  the  clay 
of  the  lake-bed  deposits  contained  an  appreciable  quantity  of 
gold.  Much  remains  to  be  done  before  a  true  idea  of  the 
geological  and  commercial  condition  of  these  Tertiary  deposits 
can  be  formed. 
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SECTION  i.-iNSTrnrrE  annotocbhbnts. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute,  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Iransactiona. 


SECTION  II.-TECHNICAL  PAPEBS  AND  DISCUSSIONS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents.  They  have  been  so  printed  and 
arranged  (blank  pages  being  left  when  necessary)  that  they 
can  be  separately  removed  for  classified  filing,  or  other  inde- 
pendent use. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  11.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

Comments  or  criticisms  upon  all  papers  given  in  this  sec 
tion,  whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  ear- 
nestly invited. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  29  W.  39th  St.,  New  York,  N.  Y.  (Telephone 
number  4600  Bryant). 


OFFICERS. 

For  the  year  ending  February,  igii. 

COUNCIL.* 

President  of  the  Council. 

D.  W.  BRUNTON Denyeb,  Colo. 

(Term  expires  February,  1011.) 

Vice-Pbebxbbnts  of  the  Council. 

W.  C.  RALSTON San  Francisco,  Cal. 

W.  L.  SAUNDERS New  York,  N.  Y. 

H.  V.  WINCHELL St.  Paul,  Minn. 

(Term  expires  February,  1911.) 

BENJAMIN  B.  LAWRENCE New  York,  N.  Y. 

JOSEPH  W.  RICHARDS South  Bethlehem,  Pa. 

ALBERT  SAUVEUR Cambridge,  Mass. 

(Term  expires  February,  1912.) 

Councilors. 

ARTHUR  S.  DWIGHT New  York,  N.  Y. 

R  V.  NORRIS Wilkis-Barrb,  Pa. 

WILLIAM  H.  SHOCKLEY Tonopah,  Nbv. 

(Term  expires  February,  1911.) 

KARL  EILERS New  York,  N.  Y. 

ALEX  C.  HUMPHREYS New  York,  N.  Y. 

W.  G.  MILLER Toronto,  Canada. 

(Term  expires  February,  1912.) 

ROBERT  E.  JENNINGS New  York,  N.  Y. 

WILLIAM  KELLY Vulcan,  Mich. 

CHARLES  F.  RAND New  York,  N.  Y. 

(Term  expires  February,  1913.) 

Secretary  of  the  Council. 

R.  W.  RAYMOND,  29  W.  39th  St New  York,  N.  Y. 

(Term  expires  February,  1911.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHERS New  York,  N.  Y. 

CORPORATION. 

JAMES  GA YLEY,  President ;  JAMES  DOUGLAS,  Vice-President ; 

R  W.  RAYMOND,  Secretary ;  FRANK  LYMAN,  Treasurer  ; 
JOSEPH  STRUTHERS,  Assistant  Secretary  and  AssisUnt  Treasurer. 

Directors. 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX. 

(Term  expires  February,  1911.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R.  W.  RAYMOND. 

(Term  expires  February,  1912.) 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 

(Term  expires  February,  1918.) 

Consulting  Attorneys,  Blair  &  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note. — ^The  Council  is  the  professional  body,  haying  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc  The  Board  of  Directors  is  the  bodj 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  conyenience,  composed  of  members  residing  in  New  York. 
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INSTITUTE  ANNOUNCEMENTS. 
The  Pittsburg  Meeting. 

The  Ninety-eighth  meeting  of  the  Institute,  held  at  Pitts- 
burg, Pa.,  March  1  to  5,  was  thoroughly  interesting  and  profit- 
able professionally,  and  delightful  socially.  Though  the  fogs 
and  floods  of  an  unusually  unfavorable  season  threatened  its 
success,  the  meeting  was  blessed  with  the  usual  *<  Institute 
luck,"  and  both  sessions  and  excursions  took  place  under  clear 
sky  and  in  balmy  spring  air.  A  list  of  60  papers  is  given  here- 
with, of  which  20  were  presented  in  oral  abstract  by  the 
authors ;  and  a  full  report  of  the  proceedings  will  be  published 
in  the  Bulletin  for  April.  Meanwhile,  the  following  statements 
are  made  in  advance  of  that  report : 

Fortrait  of  Dr.  Thomas  M,  Drown. 

A  very  fine  portrait,  painted  by  Mr.  Richard  B.  Farley,  Phila- 
delphia, Pa.,  of  Thomas  M.  Drown,  M.D.,  LL.D.  (one  of  the 
founders  of  the  Institute  in  1871,  a  Manager  in  1872,  Secretary 
from  1873  to  1884,  Vice-President  in  1892-3,  and  President  in 
1897,  and,  at  the  time  of  his  death,  in  1904,  an  Honorary  Mem- 
ber of  the  Institute,  and  President  of  Lehigh  University),  was 
exhibited  at  the  Pittsburg  meeting,  and  attracted  much  admira- 
tion. This  portrait  has  been  presented  to  the  Institute  by  Dr. 
James  Douglas  and  Mr.  James  Gayley,  and  may  be  seen  here- 
after in  the  Engineering  Societies  Building,  29  West  39th  St., 
New  York,  K  Y. 

The  Proposed  Excursion  to  Japan. 

It  was  announced  at  the  meeting  that  the  excursion  to  Japan, 
proposed  for  the  autumn  of  1910,  has  been  necessarily  post- 
poned to  some  future  date. 
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Papers  Presented, 

The  following  papers  were  presented  in  oral  abstract  by  the 
authors  : 

1.  Biographical  Notice  of  Dr.  Charles  B.  Dudley.     By  R. 

W.  Raymond,  New  York,  N.  Y. 

2.  Biographical  Notice  of  William  Metcalf.    By  H.  P.  Bope, 

Pittsburg,  Pa. 

3.  The  Development  of  Hindered-Settling  Apparatus.     By 

Robert  H.  Richards,  Boston,  Mass. 

4.  The  Pintada  Mining  Camp,  Province  of  Mendoza,  Argen- 

tina.    By  Z.  S.  Beyl,  Buenos  Aires,  So.  Am. 
6.  Systematic  Exploitation  in  the  Pittsburg  Coal-Seam.    By 
F.  Z.  Schellenberg,  Pittsburg,  Pa.    Discussed  by  Frank 
W.  De  Wolf,  Urbana,  111. 

*6.'  A  Commercial  Fuel-Briquette  Plant.  By  William  H. 
Blauvelt,  Syracuse,  N.  Y.  (March  Bulletin.)  Discussed 
by  C.  W.  Malcolmson,  Chicago,  111.;  E.  W.  Parker, 
Washington,  D.  C. ;  and  John  Birkinbine,  Philadel- 
phia, Pa. 

*7.  Dust-Explosions  in  Coal-Mines.  By  George  S.  Rice, 
Pittsburg,  Pa.     (March  Bulletin,) 

8.  The  Gaseous  Decomposition-Products  of  Black  Powder. 

By  C.  M.  Young,  Lawrence,  Kan. 

9.  Work  of  the  Technologic  Branch  at  Pittsburg.    By  J.  A. 

Holmes,  Washington,  D.  C. 

10.  Accumulation  of  Petroleum  in  the  Earth.     By  David  T. 

Day,  Washington,  D.  C. 

11.  The  School  of  Mines  at  the  University  of  Pittsburg.     By 

M.  E.  Wadsworth,  Pittsburg,  Pa. 

12.  The  Technical  Schools  of  the  Carnegie  Institution.     By 

Fred.  Crabtree,  Pittsburg,  Pa. 

13.  New  Method  of  Cyaniding  Gold-  and  Silver-Ores.    By  E. 

Gybbon  Spilsbury,  New  York,  N.  Y. 

14.  The   Dwight   and   Lloyd   Sintering-Process.      By  A.  S. 

Dwight,  New  York,  N.  Y. 

15.  The  Huronian  as  a  G old-Bearing  Terrane.     By  Robert 

Bell,  Ottawa,  Can. 

16.  The  Action  of  Explosives  on  Rocks  of  Different  Degrees 

of  Hardness.     By  Walter  0.  Snelling,  Pittsburg,  Pa. 
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17.  Introduction  of  the  Basic  Steel-Process  in  the  United 

States.     By  George  W.  Maynard,  New  York,  N.  T. 

18.  Electric  Mine-Hoists.     By  Karl  A.  Pauly,  Schenectady, 

K  Y. 

19.  Field  Investigations  of  Structural  Materials  for  Use  in 

Federal  Buildings.     By  E.  F.  Burchard,  Washington, 
D.  C. 

20.  Coal  and  Iron-Ore  in  Western  Oaxaca,  Mexico.     By  J. 

L.  W.  Birkinbine,  Mexico  City,  Mex. 

21.  The  Chemical  Control  of  Slimes.     By  Harrison  Everett 

Ashley,  Pittsburg,  Pa. 
The  following  papers  were  presented  by  title  for  publication 
in  the  BvUeiin  of  the  Institute.   Those  marked  with  an  asterisk 
(*)  were  distributed  in  printed  form. 
*22.  A  Method  of  Calculating  Sinking-Funds,  and  a  Table  of 

Values  for  Ordinary  Periods  and  Eates  of  Interest.   By 

John  B.  Dilworth,  Philadelphia,  Pa.     (November  Bvl- 

letin.) 
*28.  Cyanide-Plant  and  Practice  at  the  Minas  del  Tajo,  Rosario, 

Sinaloa,  Mexico.   By  George  A.  Tweedy  and  Roger  L. 

Beals,  Rosario,  Sinaloa,  Mexico.     (February  Bulletin.) 
24.  The  Copper-Provinces  of  the  United  States.   By  William 

H.  Emmons,  Chicago,  111. 

*26.  The  Behavior  of  Copper-Slags  in  the  Electric  Furnace. 

By  Lewis  T.  Wright,  San  Francisco,  Cal.   (March  Bul- 
letin.) 

*26.  Chemical  Laboratories  in  Iron-  and  Steel- Works.  By 
George  W.  Maynard,  New  York,  N.  Y.  (November 
Bulletin.) 
27.  Notes  on  Field-Methods  of  Assaying,  i.e.,  an  Assay-Shop 
in  an  Ordinary  Valise.  By  S.  K.  Bradford,  National, 
Nev. 

*28.  The  Girod   Electric   Furnace,  and   the  French  Works 
Using  the   Paul  Girod   Steel-Process.     By  Wilhelm 
Borchers,  Aachen,  Germany.     (January  Bulletin.) 
29.  Electricity  in  Mines.     By  William  Kelly,  Vulcan,  Mich. 

*80.  A  New  Separator  for  the  Removal  of  Slate  from  Coal. 

•  

By  W.  S.  Ayres,  Hazleton,  Pa.     (December  Bulletin.) 
81.  Improvements  in  Blast-Roasting.     By  Herbert  Haas,  San 
Francisco,  Cal. 
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32.  Ultimate  Source  of  Ores.     By  Charles  R.  Keyes,  Des 

Moines,  Iowa. 
*38.  The   Genesis   of  the  Leadville  Ore-Deposits.     By  Max 

Boehmer,  Denver,  Colo.     (February  Bulletin.) 
34.  Heats  of  Formation  of  Some  Ferro-Calcic  Singulo-Sili- 

cates.     By  H.  O.  Hofman  and  C.  Y.  Wen,  Boston, 

Mass. 
*86.  Professional  Ethics.   By  R.  W.Raymond, New  York, N.Y. 

(January  Bulletin.) 
*86.  Application  of  Descriptive  Geometry  to  Mining-Problems. 

By  Joseph  W.  Roe,  New  Haven,  Conn.     (March  Bul- 
letin.) 
*87.  The  Behavior  of  Copper-Mattes  and  Copper-Nickel  Mattes 

in  the  Bessemer  Converter.    By  D.  H.  Browne,  Copper 

Cliflf,  Ontario,  Can. 

38.  Deacidifying  Furnace-Gases.   By  F.  T.  Havard,  Madison, 

Wis. 

39.  Discussion  of  the  paper  of  Audley  H.  Stow,  Pressure- 

Fans  vs.  Exhaust-Fans.  By  R.  V.  Norris,  Wilkes- 
Barre,  Pa. 

*40.  Discussion  of  the  paper  of  Lewis  T.  Wright,  Metal-Losses 
in  Copper-Slags.  By  J.  Parke  Channing,  New  York, 
N.Y. 

*41.  Discussion  of  the  paper  of  Charles  R.  Keyes,  Borax- 
Deposits  of  the  United  States.  By  A.  M.  Strong, 
Bishop,  Cal.     (February  Bulletin.) 

*42.  Discussion  of  the  paper  of  E.  W.  Parker,  The  Conserva- 
tion of  Coal  in  the  United  States.  By  William  L. 
Saunders,  New  York,  N.  Y.     (December  Bulletin.) 

43.  Reply  to  Mr.  Buckley's  Discussion  of  paper,  Ozark  Lead- 

and  Zinc-Deposits.  By  Charles  R.  Keyes,  Des  Moines, 
Iowa. 

44.  Reply  to  Discussion  by  Messrs.  Courtis  and  Macdonald 

of  paper.  Genesis  of  the  Lake  Valley,  New  Mexico, 
Silver-Deposits.  By  Charles  R.  Keyes,  Des  Moines, 
Iowa. 

45.  Discussion  of  the  paper  of  James  Douglas,  Conservation 

of  Natural  Resources.  By  James  Douglas,  New  York, 
N.Y. 
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46.  DiscuBsion  of  the  paper  of  Albert  F.  J.  Bordeaux,  The 
Cyaniding  of  Silver-Ores  in  Mexico.  By  Herbert  A. 
Megraw,  San  Luis  de  la  Paz,  Guanajuato,  Mex. 

*47.  Discussion  of  the  paper  of  H.  O.  Hofinan  and  C.  R.  Hay- 
ward,  Pan-Amalgamation :  an  Instructive  Laboratory- 
Experiment.  By  George  W.  Riter,  Salt  Lake  City, 
Utah.     (March  Bulletin.) 

*48.  Mining-Conditions  in  the  Belgian  Congo.  By  Sydney 
H.  Ball,  New  York,  K  Y.,  and  Millard  K.  Shaler, 
Lawrence,  Kan. 

*49.  The  Combustion-Temperature  of  Carbon  and  Its  Relation 
to  Blast-Furnace  Operation.  By  Clarence  P.  Linville, 
State  College,  Pa.     (March  BuUetin,) 

*50.  The  Fushun  Colliery,  South  Manchuria.    By  Warden  A. 
Moller,  Tientsin,  China. 
51.  Federal  Coal-Mines   in  the  Philippines.     By  Oscar  H. 
Reinholt,  Pasadena,  Cal. 

62.  The  Chemical  Control  of  Slimes.     By  Harrison  Everett 

Ashley,  Pittsburg,  Pa. 

63.  Theoretical   Consideration  of   Combustion   in   Burning 

Cement.     By  Byron  E.  Eldred,  Tuckahoe,  N.  Y. 

64.  Discussion   of  the   paper   of  Edmund  D.  North,  Glass 

Mine-Models.     By  A.  Scott  Reid,  London,  England. 
*65.  Professional  Ethics.     By  Victor  G.  Hills,  Denver,  Colo. 

(March  Bulletin.) 
*66.  Sampling    Anode-Copper,    with    Special   Reference    to 

Silver-Content.     By  William  Wraith,  Anaconda,  Mont. 

(March  Bulletin.) 

67.  The  Giroux  Shaft.     By  Everard  Arnold,  Kimberly,  Nev. 

68.  The  Form  of  Coal- Analysis  Best  Adapted  for  Compara- 

tive Purposes.     By  M.  R.  Campbell,  Washington,  D.  C. 

69.  Discussion  of  the  paper  of  Edmund  D.  North,  Glass  Mine- 

Models.     By  A.  Scott  Reid,  London,  England. 
60.  Some  Experimental  Work  on  Mining-Education.    By  M. 
E.  Wadsworth,  Pittsburg,  Pa. 
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Founder  Societies  Dinner. 

On  Thursday  evening,  Feb.  17,  1910,  the  present  governing 
boards  and  past-Presidents  of  the  United  Engineering  Society, 
the  American  Society  of  Mechanical  Engineers,  the  American 
Institute  of  Mining  Engineers,  and  the  American  Institute  ot 
Electrical  Engineers  dined  together  at  the  Engineers'  Club,  for 
the  purpose  of  extending  acquaintanceship,  and  informally  dis- 
cussing future  plans  for  the  general  welfare.  Thirty-four  repre- 
sentatives attended.  Henry  G.  Stott,  the  newly-elected  Presi- 
dent of  the  Trustees  of  the  United  Engineering  Society, 
officiated  as  chairman,  and  introduced  John  W.  Lieb,  Jr., 
Treasurer  of  the  United  Engineering  Society,  who  gave  an  ab- 
stract of  his  recent  annual  report  and  called  attention  to  the 
fact  that  practically  all  of  the  available  office-spaOe  in  the  En- 
gineering Societies  Building  has  now  been  allotted  to  various 
associate  societies.  Among  the  speakers  who  followed  were: 
Messrs.  F.  J.  Miller,  R.  W.  Raymond,  Ualvert  Townley,  Albert 
R.  Ledoux,  F.  R.  Button,  C.  F.  Scott,  S.  S.  Wheeler,  and  T. 
C.  Martin.  General  satisfaction  was  expressed  with  the  suc- 
cessful administration  of  the  affairs  of  the  United  Engineering 
Society  during  the  three  years'  experience  in  the  occupation  ot 
the  building. 

New  Board  of  Trustees,  United  Engineering 

Society. 

In  accordance  with  the  By-Laws  of  the  United  Engineering 
Society,  three  members  of  its  Board  of  Trustees  were  retired 
at  the  annual  meeting  of  the  Board  held  on  Jan.  27, 1910,  after 
completion  of  their  three-year  term.  Theodore  Dwight  was 
the  retiring  member  representing  the  American  Institute  of 
Mining  Engineers,  and  he  was  succeeded  by  Joseph  Struthers, 
who  had  been  elected  to  fill  the  vacancy  at  the  meeting  of 
the  Institute  Board  of  Directors  held  on  Jan.  14,  1910.  The 
three  representatives  of  the  Institute  on  the  Board  of  Trus- 
tees now  are:  E.  E.  Olcott,  Charles  Kirchhoff,  and  Joseph 
Struthers.  H.  G.  Stott  was  unanimously  elected  President  of 
the  Board. 

At  the  meeting  held  on  February  24,  Joseph  Struthers  was 
elected  Treasurer. 
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Proceedings  of  the  Board  of  Directors. 

The  following  acts  of  the  Directors  are  reported  for  the  in- 
formation of  members : 

At  a  meeting  held  Nov.  11,  1909,  after  unanimous  recom- 
mendation by  the  Council,  M.  Alexandre  Pourcel  was  unani- 
mously elected  an  honorary  member  of  the  Institute  in  recog- 
nition of  his  distinguished  researches  in  the  science  and 
contributions  to  the  practice  of  the  metallurgy  of  iron  and  steel. 
.  The  Secretary  reported  that  books,  etc.,  were  from  time  to 
time  received  as  gifts  by  the  United  Engineering  Society,  and 
therefore  could  not  be  properly  treated  as  belonging  to  the 
library  of  either  of  the  three  Founder  Societies,  although  the 
said  societies  were,  in  some  sense,  owners  thereof  through  their 
connection  with  the  United  Engineering  Society.  Also,  that  the 
Library  Conference  Committee,  consisting  of  one  representa- 
tive from  the  Library  Committee  of  each  of  the  three  societies, 
desired,  from  time  to  time,  the  purchase  of  reference-books,  such 
as  directories,  dictionaries,  etc.,  or  of  library  equipment  for  the 
joint  use  of  the  societies,  and  that  articles  so  purchased  could 
not  properly  be  carried  on  the  inventory  of  the  library  of  either 
society. 

It  was  voted :  (1)  That  gifts  of  books,  etc.,  received  by  the 
United  Engineering  Society,  shall  be  regarded  as  the  property 
of  that  society;  and  the  Library  Committee  of  the  Institute  is 
hereby  discharged,  concerning  such  books,  etc.,  from  the  re- 
sponsibility imposed  by  By-Law  X. 

(2)  That  the  Secretary  is  hereby  authorized  to  consent  to  the 
purchase,  for  joint  use  of  the  Founder  Societies,  of  such  books 
or  library  equipment  as  may  be  approved  by  the  unanimous 
vote  of  the  Library  Conference  Committee,  and  to  pay  from 
the  funds  of  the  Institute  its  proportion  of  one-third  the  cost 
thereof.  Provided^  That  said  payments,  together  with  the 
purchases  of  books,  etc.,  for  the  library  of  the  Institute,  shall 
not  exceed  the  amounts  appropriated  by  this  Board  for  library 
purchases  and  bindings. 

At  a  meeting  held  Jan.  10,  1910,  Mr.  Theodore  Dwight, 
Treasurer  of  the  Land  Fund  Committee,  presented  a  report  of 
the  work  done  by  this  committee  during  the  year  1909,  which 
shows  a  total  of  subscriptions  collected  during   the  year  of 
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$22,589.75,  and  promised  subBcriptions  of  $17,600.  Payments 
were  made  by  this  committee  on  the  land  mortgage  during  the 
year  amounting  to  $22,000,  which,  together  with  the  $15,000 
paid  by  the  Institute,  reduces  the  debt  of  the  land  fund  from 
$125,000,  Jan.  1,  1909,  to  $88,000,  Jan.  1,  1910.  The  deferred 
payments,  amounting  to  $17,600,  together  with  the  present 
balance  on  hand  of  $1,139.75,  totaling  $18,739.75,  will  farther 
reduce  the  balance  due  on  the  land  mortgage  to  $69,260.25. 

Dr.  Joseph  Struthers  was  unanimously  elected  a  trustee  of 
the  United  Engineering  Society,  to  serve  for  a  term  of  three 
years,  succeeding  Mr.  Theodore  Dwight,  whose  term  expired 
January,  1910. 

At  a  meeting  held  February  15,  1910,  the  following  officers 
were  elected :  President^  James  Gayley ;  Vice-President^  James 
Douglas ;  Secretary^  R.  W.  Raymond ;  Treasurer^  Frank  Lyman. 

The  following  standing  committees  were  appointed  to  serve 
during  the  ensuing  year : 

Finance  Committee :  James  Douglas,  Theodore  Dwight,  and 
Albert  R.  Ledoux. 

Library  Committee :  James  F.  Kemp,  Charles  H.  Snow,  and 
R.  W.  Raymond. 

Financial  Statement, 

The  following  statement  of  receipts  and  expenditures  from 
Jan.  1  to  Dec.  31,  1909,  is  published  by  authority  of  the  Board 
of  Directors : 

Receipts. 

fialaDce  from  statement  of  January,  1909,                  .        .  $3,888.58 

Annual  dues,* $37,909.18 

Life  memberships, 890.00 

Initiation  fees, 1,990.00 

Binding  of  TrangadUms 3,668.30 

Sale  of  publications,  electrotypes,  advertising,  and  miscel- 
laneous receipts, 9,768.77 

64,226.25 

Interest  on  bonds  and  deposits, 184.66 

Sale  of  6  $1,000  N.  Y.  Central  <&  Hudson  Biver  RB. 
Lake  Shore  Collateral  3}  per  cent  Coupon  Bonds  (net),        5,140.83 

Sale  of  13  $1,000  Pennsylvania  R.R.  Co.  6  per  cent.  Reg- 
istered Bonds  (net), 13,567.93 

18,708.76 

$77,008.25 

*  $18,875  of  this  amount  has  been  applied  to  subscriptions  to  the  BvJkdn  in 
accordance  with  post-office  regulations. 
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DlSBUBSEMENTS. 

Printing  Vol.  XXXIX.  of  the  TranmeUtmt,  BuUetirij  extra 
pamphlets,  and  advertising  expenses,  etc. 

Printing  circulars  and  ballots, 

Binding  Vol.  XXXIX.  of  the  TransacHoiUj 

Binding  miscellaneous  yolumes, 

EDgraying  and  electrotyping,   . 

Secretary's  department,  including  clerks,  stenographers, 
and  expenses  of  editing  and  proof-reading,  and  special 
assistance  in  connection  with  meetings, 

Tieasnrei's  department,  including  collection  of  dues,  ship- 
ping, etc,      

Librarian  and  assistants, 

Postage, r       . 

Stationerj, 

Express  and  freight  charges, 

Telephone, 

Telegrams,  cables,  carfares,  etc., 

Office  supplies  and  repairs, 

Refunding  miscellaneous  payments, 

Insurance  premiums  (Surety), 

Collection  charges, 

Extra  clerical  assistance,  . 

Special  stenographers  and  expenses  of  meetings, 

Auditing, 

Office  cleaning  and  sundry  expenses,        .        .        .        . 


$12,355.34 

231.10 

3,458.00 

465.55 

567.51 


11,428.60 

6,087.50 

1,854.80 

3,711.33 

554.31 

1,792.10 

207.90 

57.96 

76.04 

138.22 

95.00 

37.16 

76.66 

1,722.55 

125.00 

32.55 


Principal  on  account,  Land  Mortgage,      ....     $15,000.00 
Interest  at  4  per  cent.,  for  1909,  on  unpaid  balance  of 
land  mortgage  on  25  to  33  West  39th  St  ($125,000, 
Janoary  1,  1909,  reduced  to  $88,000  January  1,  1910),        4,276.66 
Quota  of  current  expenses  of  building  25  to  33  West 
39th  St, 6,000.00 

Special  editing,  part  payments  on  printing  and  binding 
special  edition,  new  volume  of  Genesis  of  Ore-Deposits, 

Library  equipment, 

Library  additions  of  books,  periodicals,  etc.,  binding  of 
exchanges,  and  stationery  (expenditure  from  appropria- 
tion of  $1,000), 

Furniture  and  fixtures, 

Balance, 


$45,075.18 


;$25,276.66 

39.00 
173.33 


827.04 

68.45 

5,548.59 

$77,008.25 


New  Yobk,  N.  Y.,  February  7,  1910. 
We  have  examined  the  above  statement,  compared  it  with  the  books  and  vouohen 


and  find  same  correct. 


(Signed)    Barrow,  Wade,  Gxtthrie  &  Co., 

Certified  Public  AccouniarUs. 
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Proceedings  of  the  Council. 

The  following  report  is  published  for  the  information  ot 
members : 

Institute  Meetings. 

There  were  two  meetings  of  the  Institute  held  during  the 
year  1909  for  the  reading  and  discussion  of  papers — the 
Ninety-sixth  Meeting,  in  New  Haven,  February  28  to  25,  and 
the  Ninety-seventh  Meeting,  in  Spokane,  September  28  to  29. 

A  detailed  record  of  the  proceedings  of  these  meetings,  in- 
cluding a  description"  of  the  entertainments  and  excursions 
connected  therewith,  has  been  published  and  duly  distributed 
to  the  members :  the  New  Haven  meeting  in  Bulletin  No.  28, 
April,  1909,  pp.  425  to  437,  and  the  Spokane  meeting  in  Bvl- 
letin  No.  36,  December,  1909,  pp.  1059  to  1118.  At  the  New 
Haven  meeting  there  were  presented  27  papers  and  5  discus- 
sions, oral  and  written;  in  these  discussions  18  separate  con- 
tributors participated.  At  the  Spokane  meeting  there  were 
presented  27  papers  and  8  discussions,  oral  or  written ;  in  these 
discussions  14  contributors  participated.  At  the  New  Haven 
meeting  the  names  of  145  members  and  guests  were  registered 
at  the  Institute  headquarters ;  this  number,  however,  does  not 
represent  all  who  were  present  at  the  sessions  and  the  excur- 
sions to  Ansonia  and  Bridgeport.  In  connection  with  the  Spo- 
kane meeting,  the  number  of  members  and  guests  registered 
was  approximately  200,  but  the  total  number  participating  in 
the  trip  through  the  Yellowstone  Park  and  the  excursions  to 
Butte,  Anaconda,  and  the  Cceur  d'Alene  district,  or  attending, 
in  whole  or  in  part,  the  sessions  at  Spokane,  and  the  subse- 
quent excursions  to  Seattle,  Tacoma,  Portland  and  the  Dalles 
of  the  Columbia,  Salt  Lake  City,  Bingham  Canon,  Glenwood 
Springs,  and  through  the  Royal  Gorge  to  Pueblo  and  Colorado 
Springs,  exceeded  400. 

Publications. 

TVansactions. — Volume  XXXIX.  ot  the  Transactions,  an 
octavo  of  1,006  pages,  comprising  50  papers  and  16  discussions 
presented  during  the  year  1908,  was  issued  and  distributed  to 
members  in  June,  a  few  weeks  earlier  in  the  year  than  the  cor- 
responding appearance  of  Volume  XXXVIH.  With  theexcep- 
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tion  of  the  index,  now  being  compiled,  the  material  for  Volume ' 
XL.,  forming  in  all  about  1,000  pages,  is  in  the  hands  of  the 
printer,  and  it  is  expected  that  the  bound  volume  will  be  oflf 
the  press  and  ready  for  distribution  in  June,  1910. 

Bulletin, — Twelve  numbers  of  the  Bulletin  (Nos.  25  to  36), 
containing  the  technical  papers  and  discussions  of  the  Institute 
(in  "  subject  to  revision  "  form)  and  announcements  of  general 
interest  to  the  members  of  the  Institute,  such  as  Library  acces- 
sions and  requirements  during  the  year  1909  ;  notices  of  meet- 
ings of  the  Institute  and  of  other  societies ;  lists  of  proposed 
members  and  associates ;  changes  of  address ;  deaths  of  mem- 
bers; obituary  notices;  Index  of  Subjects  and  Authors,  etc., 
have  been  published  and  distributed  promptly  throughout  the 
year  1909.  The  number  of  pages  occupied  by  technical  papers 
and  discussions  amounts  to  1,210,  to  which  are  to  be  added  326 
pages  of  announcements,  and  184  pages  of  advertising  matter, 
making  a  total  of  1,720  pages  of  printed  matter. 

The  editorial  and  business  management  of  the  Bulletin^  Vol- 
ume XXXIX.  and  the  forthcoming  Volume  XL.  of  the  Trans- 
notions  continues  in  charge  of  Dr.  Joseph  Struthers,  Assistant 
Secretary  and  Editor  of  the  Institute. 

Membership, 

Changes  in  membership  have  taken  place  during  the  year  as 
follows :  1  honorary  member,  1  honorary  associate,  190  mem- 
bers and  11  associates  have  been  elected ;  6  members  have  been 
reinstated,  4  members  re-elected,  2  members  have  become 
honorary  members,  and  6  associates  have  become  members ; 
the  deaths  of  32  members  and  1  associate  have  been  reported ; 
60  members  and  4  associates  have  resigned ;  and  67  mem- 
bers and  6  associates  have  been  dropped  from  the  roll  by 
reason  of  non-payment  of  dues,  loss  of  correct  address,  etc.* 
These  changes  are  shown  in  the  accompanying  table. 

The  total  membership  on  Jan.  1,  1910,  was  4,284,  as  com- 
pared with  4,241  on  Jan.  1,  1909 — a  net  gain  for  the  year  of 
43  members. 


*  Many  of  these,  no  doubt,  will  be  reinstated,  as  has  been  the  case  in  former 
years. 
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Membership  of  the  American  Institute  of  Mining  Engineers^ 

Jan.  1,  1910. 


Membenhip  Dec.  31,  1908 

G^Ds:  By  Election 

Change  of  Status... 

Heinstatement 

Be-«lection 

Losses:  By  Resignation 

Change  of  Status... 

Dropping. 

Death 

Total  gains 

Total  losses 

Membership  Dec  31, 1909 


Honorary 
Members. 


11 
1 
2 


Honorary  ,  . .      . 
Asaociaies.  Members. 


3 

14 


4,066 

190 

6 

6 

4 

60 

2 

67 

32 

206 

161 

4,111 


Aasociates.!    Totals. 


164 
11 


4 

6 

6 

1 

11 

17 

158 


4,241 
203 
8 
6 
4 
64 
8 

73 

33 

221 

178 

4,284 


The  list  of  deaths  reported  during  the  year  1909  comprises 
the  following  names,  the  figures  in  parentheses  indicating  the 
year  in  which  the  persons  named  were  elected  to  membership : 

Members  and  Associates. — William  Adams  (1906),  Robert  S. 
Brooks  (1906),  James  W.  Brown  (1905),  Raymond  B.  Brown 
(1895),  F.  a  Bulkley  (1882),  Dr.  Charles  B.  Dudley  (1878), 
Richard  Eames,  Jr.  (1888),  George  G.  Francis  (1880),  Persifor 
Frazer  (1871),  Edward  L.  Fuller  (1904),  John  M.  Grice(1908), 
Rasmus  Hanson  (1896),  Harold  H.  Harvey  (1903),  Alphonse 
Hennin  (1888),  H.  August  Hunicke  (1883),  Algernon  K.  John- 
ston  (1899),  Jerome  Keeley  (1876),  Emil  Krabler  (1891),  L.  G. 
Laureau  (1878),  Frank  A.  Lucy  (1903),  John  E.  McCurdy 
(1897),  Charles  C.  Mattes  (1881),  William  Metcalf  (1875), 
Stephen  C.  Miller  (1904),  Israel  W.  Morris  (1875),  John  W. 
Nesmith  (1896),  Bertel  Peterson  (1900),  Robert  Pitcairn  (1881), 
Jasper  R  Rand  (1900),  Davis  Richardson  (1905),  William  H. 
Singer  (1873),  James  Stiriing  (1906),  Delos  V.  A.  Williams 
(1903),  T.  F.  Witherbee  (1871). 


Proceedings  of  the  Annual  Meeting. 

At  the  Annual  Business  Meeting  of  the  Institute,  held  Feb. 
15,  1910,  the  following  oflicers  were  elected : 

Council. 

PregiderU  of  the  QmncU. 
(To  serve  for  one  year.) 
D.  W.  Brunton,     .        .  ♦ DenTer,  Colo. 
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Vice^Prmdents  of  the  CouneiL 
(To  serve  for  two  yean.) 

Benjamin  B.  Lawrence, New  York,  N.  Y. 

Joseph  W.  Bichabdb, South  Bethlehem,  Pa. 

Albert  Sauvextb, Cambridge,  Maas. 

Secretary  of  the  Council, 
(To  serve  for  one  year.) 
R.  \V.  Raymond, New  York,  N.  Y. 

CounciloTe, 
(To  serve  for  tbree  years.) 

Robert  E.  Jennings, New  York,  N.  Y. 

William  Kelly, Vulcan,  Mich. 

Charles  F.  RAin>, New  York,  N.  Y. 

Directors. 

(To  serve  for  three  years.) 

James  Gayley, New  York,  N.  Y. 

Charles  Kirchhoff, New  York,  N.  Y. 

Frank  Lyman, New  York,  N.  Y. 

[Secretary's  Note. — The  complete  list  of  all  officers  of  the  Institute  will  be 
found  on  p.  iv.  of  this  number  of  the  Bulletin,  The  following  explanation,  first 
published  in  Bi-Monthly  Bulletin^  No.  8,  March,  1906,  p.  viii.,  is  here  repeated 
in  order  to  recall  to  old  members,  and  convey  to  new  ones,  the  relations  of  the 
two  governing  bodies  as  determined  by  the  (^Certificate  of  Incorporation  of  the 
Institute,  and  the  Constitution  and  By-Laws  adopted  in  accordance  therewith. 

The  body  legally  responsible  for  the  business  management  is  the  Board  of  nine 
Directors  (three  elected  annually  to  serve  three  years),  which  elects  its  own  offi- 
cers. This  body,  for  reasons  of  practical  convenience,  is  composed  of  well-known 
members  residing  in  New  York  City,  and  able  to  attend,  without  serious  incon- 
venience or  expense,  the  necessary  meetings  of  the  Board.  The  officers  of  this 
Board  are  legally  the  officers  of  the  Institute.  But,  apart  from  business  manage- 
ment, the  Board  exercises  no  control  over  the  election  of  members,  or  the  pro- 
fessional and  technical  work  of  the  Institute,  except  that  its  vote  is  required  to 
elect  honorary  members,  upon  the  recommendation  of  the  (Douncil. 

The  Ck)uncil  is  a  body  constituted  in  all  respects  (except  that  it  has  no  Treas- 
urer) like  the  Council  existing  before  the  incorporation  of  the  Institute,  in  Jan- 
uary, 1905,  and  charged  with  all  duties  and  powers,  except  those  which  the 
Board  of  Directors  must  legally  perform.  It  elects  members,  appoints  the  times 
and  places  of  professional  meetings,  and  controls  the  publication  and  distribution 
of  papers  and  volumes,  etc.  Its  members  (President,  Vice-Presidents  and  Coun- 
cilors) are  elected  by  the  members  of  the  Institute,  voting  in  person  or  by  proxy, 
and  after  publication  of  the  nominations  received  ;  and  it  is  intended  to  repre- 
sent, as  far  as  practicable,  both  the  professional  and  the  geographical  distribution 
of  the  membership.  C])onsequently,  whatever  professional  honor  attaches  to  offi- 
cial position  belongs  to  membership  in  the  Council,  rather  than  in  the  legal 
Board  of  Directors.  This  remark  implies  no  disparagement  of  the  members  of 
the  latter  body,  every  one  of  whom  has  served,  or  is  now  serving,  as  a  member  of 
the  Council  But  it  is  only  fair  to  explain  that  their  election  and  continued  re- 
election as  Directors  is  simply  a  matter  of  legal  convenience.'] 
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Proposed  Amendments  to  the  Constitution. 

The  conBideration  of  the  proposed  amendment  to  Article 
in.  of  the  Constitution,  whereby,  in  the  first  line  of  said  article, 
the  word  "  fifteen  "  should  be  substituted  for  the  word  "  ten," 
was  postponed  to  an  adjourned  session  of  the  present  annual 
meeting,  to  be  held  at  a  time  fixed  by  the  Board  of  Directors 
upon  due  notice  given  as  provided  by  Article  IV.,  Section  2, 
of  the  Constitution  for  the  calling  of  special  business  meetings, 

Provided  that,  if  the  Board  of  Directors  shall  not  call  such 
adjourned  session,  then  the  consideration  of  this  proposed 
amendment  shall  be  in  order  at  the  annual  meeting  of  Feb- 
ruary, 1911,  and 

Provided  also  that,  for  the  purpose  of  the  said  consideration 
of  this  amendment,  or  any  proposed  amendment  thereof,  new 
proxies  shall  be  sent  to  all  members  and  associates  entitled  to 
vote,  which  shall  be  so  drawn  as  to  cover  the  questions  thus 
concerned,  and  permit  an  intelligent  vote  thereon. 


Annual  Report  of  Librarian. 

{Abstract.) 

Books  and  pamphlets  in  the  Library  during  the  period 
July  1,  1908,  to  Dec.  81,  1909,  are  listed  in  the  accompany- 
ing table.  During  this  time  1,581  volumes,  chiefly  periodicals, 
have  been  bound  at  a  cost  of  (1,389.92. 

Books  and  Pamphlets  in  the  Library. 


Accessions. 


Total  in  Library. 


Books.     I  Pamphlets.     Books.     'Pamphlets 


A.  S.  M.  E 562 

A.  I.  M.  K 1,176 

A.  I.  E.  E. I  1,673 

United  Engineering  Society 37 

Total 3,348 


67 
2,638 
1,152 

23 

3,880 


7,219 


Periodicals. 

On  July  1,  1908,  there  were  690  current  periodicals  in  the 
joint  libraries,  259  being  duplicates,  and  on  Dec.  81,  1909,  the 
number  of  periodicals  regularly  received,  exclusive  of  dupli- 
cates, was  557. 
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Seventy-four  of  the  duplicate  sets  were  sold  during  1909  at 
a  net  profit  of  (150.21.  In  addition,  (111.16  was  received 
from  the  sale  of  various  books  and  odd  periodicals. 

Researches  and  transcriptions  have  been  made  during  the 
period  to  the  amount  of  (31. 

Circulation  of  Books. 

Call  cards  were  placed  in  commission  on  Mar.  1,  1909,  and 
the  following  table  indicates  the  character  of  the  books  and 
periodicals  consulted.  This  tabulation,  however,  represents 
only  about  a  third  of  the  circulation,  as  many  people  go  directly 
to  the  shelves  and  do  not  ask  for  information. 


Architecture, 6 

Bibliography, 2 

Biography, 6 

Chemical  Technology, 25 

Chemistry, 14 

Civil  Engineering, 19 

Description  and  Travel, 6 

Electrical  Engineering, 75 

Electricity, 33 

Engineering, 31 

General  Geology, 83 


Hydraulic  Engineering,    .....    17 

Mathematics, 16 

Marine  Engineering, 10 

Mechanical  Engineering, 102 

Metallurgy, 65 

Mining  Engineering, 52 

Miscellaneous, 7 

Periodicals, Ill 

Physics, 21 

Hailroad  Engineering, 16 

Railroad  Engineering,  Electric,  .   •    17 


Total, 


734 


The  attendance  in  the  Library  is  shown  in  the  following 

table : 

Library  Attendance. 

January,  1908— December,  1909. 


1906. 

Day. 

Night. 

January 

541 
439 
417 
403 
400 

419 
441 
362 
392 
381 

435 
520 

148 

February 

241 

March 

203 
210 
196 

136 

125 
180 

200 
441 

April 

May 

June 

July 

*"**/ 

Auirust. 

September. 

October. 

November 

December 

Total 

5,161 

2,080 

1 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August 

September. 

October. 

November. 
December. 


Total. 


Total  for  1908  :  7,231. 


Totol  for  1909  :  8,303. 


XX  Monthly  Bulletin,  No.  89,  March,  1910. 

During  1909  the  general  reference  section  of  the  Library  of 
the  Engineering  Societies  has  been  strengthened  by  the  addi- 
tion of  the  following  reference  books : 

Bartholomew's  New  Atlas  of  the  World's  Commerce. 

Bouvier's  Law  Dictionary,  2  vols. 

Calisch's  Dictionary  of  the  Dutch  Language,  2  vols. 

Cyclopedia  of  Building  Trades,  6  vols. 

Dietrich's  Bibliographic  der  deutschen  Zeitschriften  Literatur. 

Fliigel's  Universal  German-English  Dictionary,  3  vols. 

Larousse's  Dictionnaire  Franyaise,  22  vols. 

Meyer's  Grosses  Konversation  Lexikon,  20  vols. 

MuUhouse's  Italian  Dictionary,  2  vols. 

Band  &  McNally  Business  Atlas. 

Michaelis's  Portuguese-English  Dictionary,  2  vols. 

Webster's  New  International  Dictionary. 

Qui  Etes-Vous? 

New  York  Business  Directory, 

Werlst's? 

This  department  is  also  equipped  with : 

The  Annual  Library  Index,  1908  (popular  engineering  material  arranged  in 
classes). 

The  Engineering  Index,  which  is  arranged  separately  in  binders  by  the  follow- 
ing classes  :  civil  engineering  ;  electrical  engineering  ;  industrial  economy ; 
marine  and  naval  engineering ;  mining  and  meta^urgy ;  mechanical  engineering ; 
railway  engineering ;  street  and  electric  railways. 

Engineering  Digest. 

Le  Mois  Scientifique  et  Industriel. 

Technical  Index. 

Reader's  Guide. 

Poole's  Index. 

Technical  Press  Index. 

Bepertorium   der  technischen   Journal   Literatur,   superseded   in   1908  by 
Technische  Auskunst,  published  by  Bibliog^phical  Institute  of  Berlin. 

Stone  &  Webster's  Current  Literature. 

There  is  also  a  card  index  of  the  literature  in  the  engineer- 
ing periodicals  received  by  the  Library  of  the  Engineering 
Societies.  Many  of  these  entries  duplicate  those  of  the  engi- 
neering index,  but  the  library  data  are  available  several  weeks 
earlier  than  the  monthly  printed  index. 

The  two  front  alcoves  have  been  arranged  to  be  of  practical 
use  to  the  general  public.  They  possess  more  advantages  than 
are  usually  permitted  in  any  of  the  large  public  libraries. 

To  the  present  equipment  will  be  added  very  soon : 
a  Indexes  of  periodicals  and  transactions  of  societies. 
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b  All  current  foreign,  scientific  and  technical  periodicals. 

c  Official  patent  publications  of  all  countries. 

d  Lists  of  periodicals  in  other  libraries. 

e  The  undertaking  of  researches  and  translations  at  hourly 

rates. 
/  A  bulletin  board  for  new  books,  and  coming  meetings 

and  congresses. 


of  Other  Societies. 

American  Institute  of  Electrical  Engineers. — The  two  hundred 
and  forty-fifth  meeting  of  the  American  Institute  of  Electrical 
Engineers  will  be  held  in  the  auditorium  of  the  Engineering 
Societies  Building,  No.  38  West  Thirty-ninth  Street,  New  York, 
N.  Y.,  on  Friday  evening,  April  8,  1910.  The  meeting  is  to 
be  held  under  the  auspices  of  the  Educational  Committee.  Dr. 
Samuel  Sheldon,  Professor  of  Physics  and  Electrical  Engineer* 
ing,  Brooklyn  Polytechnic  Institute,  will  present  a  paper  en- 
titled, Education  for  Leadership  in  Electrical  Engineering. 
The  paper  will  appear  in  the  April  Proceedings  of  the  American 
Institute  of  Electrical  Engineers. 


International    Congress    for    Mining,  Metallurgy, 
Applied  Mechanics,  and  Practical  Geology, 

Diisseldorf,  igio. 

As  already  announced  in  previous  Bulletins,  this  Congress 
will  meet  at  Diisseldorf  during  the  last  week  in  June,  1910. 
Extensive  preparations  are  in  progress,  including  visits  to 
technical  institutions  and  industrial  establishments,  excursions 
to  localities  of  geologic  interest,  etc.,  which  will  have  a  direct 
bearing  on  the  papers  and  addresses  presented  at  the  meeting. 

Full  information  concerning  membership,  meetings  and  ex- 
cursions, classification  of  subjects,  etc.,  is  given  in  Bulletin  No. 
37,  January,  1910. 

Applications  for  membership  in  this  Congress  should  be  made 
not  later  than  Mar.  1,  1910.  Inquiries  concerning  announce- 
ment of  proposed  papers,  length  and  time  of  presentation,  sug- 
gestions, etc.,  may  be  addressed  to  Dr.  E.  Schrodter,  Secretary 
of  the  Committee  of  the  Congress,  Diisseldorf,  Jacobistrasse  8/5, 
Prussia. 
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How  to  Use  the  '^  Transactions ' '  of  the  Institute. 

Buy  a  copy  of  the  Complete  Analytical  and  Alphabetical  Index  of 
Volumes  I.  to  XXXY.^  inclusive. 

If  you  own  a  full  set  of  the  TVansactions^  this  Index  will  make 
the  whole  of  it  instantaneously  available  without  detailed  re- 
search into  each  volume  separately. 

If  you  do  not  own  such  a  set,  this  Index  will  be  even  more 
valuable,  for  it  will  show  you  what  particular  papers  you  need 
to  know  more  about,  and  perhaps  to  study.  Thus,  any  person 
possessing  this  Index  can  ascertain  at  once  what  has  been  pub- 
lished in  the  Transactions  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still 
to  be  had  in  pamphlet  form,  where  it  can  be  consulted  in  a 
public  library,  at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  Transa^- 
tionSj  this  Index  will  be  a  great  convenience ;  but  to  those  who 
do  not,  it  will  be  a  professional  necessity. 

This  volume  is  an  octavo  of  706  pages,  containing  more  than 
60,000  entries,  duly  classified  with  sub-headings,  and  including 
abundant  cross-references.  It  has  not  been  stereotyped,  and 
the  edition  is  limited  to  1,600  copies.  The  price  of  the  volume, 
bound  in  cloth,  is  (5,  and  bound  in  half-morocco  to  match  the 
Transactions y  $6.  The  delivery  charges  will  be  paid  by  the 
Institute  on  receipt  of  the  above  price. 


Hydrographic  Chart. 

Owing  to  the  great  value  to  hydrographers  of  the  chart  con- 
tained in  the  paper,  A  Graphic  Solution  of  Kutter's  Formula, 
by  L.  I.  Hewes  and  Joseph  W.  Roe  (Bulletin  No.  29,  May, 
1909,  p.  454),  a  special  edition  for  office  or  field  use  has  been 
printed  on  durable  cloth.  Copies  of  this  separate  chart  may 
be  obtained,  at  a  cost  of  50  cents  each,  on  application  to  the 
office  of  the  Secretary  of  the  Institute. 


Special  Notice. 

Attention  is  respectfully  requested  to  the  announcement  on 
pages  14  and  15  of  the  advertising  section  of  this  BuUetin  con- 
cerning certain  books  and  periodicals  needed  to  complete  sets 
in  the  Library. 
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LIBRARY. 

Ambbican  Institute  of  Elegtbioal  Enginbbbs. 
Ambbican  Sooibtt  of  Mbchanioal  Enginbbbs. 
Ambbican  Institute  of  Mining  Enginbbbs. 
Unitbd  Engineebing  Sooibtt. 

The  libraries  of  the  above-named  Societies  are  open  from 
9  A.M.  to  9  P.M.  on  all  week-days,  except  holidays,  from  Septem- 
ber 1  to  June  80,  and  from  9  a.m.  to  6  p.m.  daring  July  and 
August. 

RULES. 

For  the  protection  and  convenience  of  members,  the  follow- 
ing rules  have  been  adopted : 

The  Secretary  of  each  Society  will,  upon  application,  issue 
to  any  member  of  his  Society  in  good  standing  a  personal,  non- 
transferable card,  entitling  him  to  the  use  of  the  Libraries  in 
the  alcoves  of  the  Reading-Room.  This  card  must  be  signed 
by  the  person  receiving  it,  and  surrendered  at  the  desk  at 
the  time  of  its  presentation.  At  every  visit  he  must  identify 
himself  by  signing  his  name  in  the  registry. 

The  first  two  alcoves  are  free  to  all ;  and  admission  to  the 
inside  alcoves  is  given  only  upon  proper  introduction. 

The  above  rules  apply  to  all  persons  except  oflicers  of  the 
three  Societies,  personally  known  as  such  to  the  librarians. 

The  librarians  are  not  permitted  to  lend  to  any  person  any 
catalogued  pamphlet  or  volume,  unless  authorized  in  writing  so 
to  do  by  the  Secretary  or  Chairman  of  the  Library  Committee 
of  the  Society  to  which  the  pamphlet  or  volume  belongs. 

Any  person  discovering  a  mutilation  or  defect  in  any  book 
of  the  libraries  is  requested  to  report  it  to  the  librarian  on  duty. 
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Library  Accessions. 

Feb.  1  to  Mar.  1,  1910. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of  Me- 
chanical Engineers  and  the  American  Institute  of  Electrical  Engineers  can  be 
obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.] 

Ambrican  Electrochemical  Society.  Transactions.  Vol.  16.  South  Beth- 
lehem, 1909.     (Exchange.) 

American  Iron  and  Steel  Abbociation.  Directory  of  the  Iron  and  Steel 
Works  of  the  United  States,  1884,  1892,  1894,  1896,  and  Supplement  to  1903. 
Philadelphia,  1884,  1892,  1894,  1896, 1903.     (Gift  of  James  M.  Swank.) 

American  Mining  Conorbss.  Monthly  Bulletin.  Vol.  13,  Nos.  1-2.  Denver, 
1910.     (Exchange.) 

Proceedings.     Vol.  XII.    Denver,  1909.     (Exchange.) 

American  Societt  for  Testing  Materials.  Proceedings.  Vol.  IX.,  1909. 
Philadelphia,  1909.     (Exchange.) 

American  Society  of  Mechanical  Engineers.  Year  Book,  1910.  New 
York,  1910.     (Exchange.) 

Association  of  Transportation  and  Car  Accounting  Officers.  Proceed- 
ings.   Dec,  1909.     Chattanooga,  1909.     (Gift.) 

Australasian  Institute  of  Mining  Engineers.  Transactions.  Vol.  13. 
Melbourne,  1909.     (Exchange.) 

Catalogue  of  Canadian  Birds.  By  J.  Macoun  and  J.  M.  Macoun.  Ottawa, 
1909.     (Exchange.) 

Catastrophes  mineres  Am^ricaineb.  By  M.  J.  Taffanel  and  M.  P.  Duuaime. 
(Extrait  Annales  des  Mines,  July-Aug.,  1909.)  Paris,  H.  Dunod  et  E.  Pinat 
1909.    (Gift  of  Publishers.) 

Century  Association.  Beports,  Constitution,  By-Laws,  and  List  of  Members, 
1908.     New  York,  1909.     (Gift. ) 

Clareson  Bulletin.  Vol.  7,  No.  1,  Jan.,  1910.  Potsdam,  1910.  (Ex- 
change. ) 

Cleveland  Engineering  Society.  Journal.  Vol.  2,  No.  2.  Cleveland,  1909. 
(Gift  of  Society. ) 

De  Beers  Consolidated  Mines,  Ltd.  Annual  Report,  21st  Eimberley,  1909. 
(Gift  of  A.  F.  Williams.) 

DiSTRIRUTION    OF    THE    MAGNETIC    DECLINATION    IN  ALASKA    AND    ADJACENT 

Regions  for  1910.    By  R.  L.  Faris.     (U.  S.  Coast  and  Geodetic  Survey. 

Appendix  No.  4— Report,  1909.)    Washington,  1910.     (Exchange.) 
Engineers'  Club.    Constitution,  Rules,   Officers,   and  Members,   1909.    New 

York,  1909.     (Gift) 
Fire  Tax  and  Waste  of  Structural  Materials  in  the  United  States. 

(Bulletin  No.  418,  U.  S.  Geological  Survey.)    By  H.  M.  Woslin  and  J.  L. 

Cochrane.     Washington,  1910.     (Exchange.) 
Fluorspar  Deposits  of  Kentucky.     (Bulletin  No.  9,  Kentucky  Geological 

Survey.)    Lexington,  1907.     (Gift  of  Dr.  R  W.  Raymond.) 
General  Index  to  the  Four  Volumes  of  Ore  Dressing.     By  R   H. 

Richards.     New  York,  McGraw-Hill  Book  Co.,  1909.     (Gift  of  Publishers.) 
Influence  of  Forests  on  Climate  and  on  Floods.    Report  on.    By  W.  L. 

Moore.     Washington,  1910.     (Gift) 
Innoko  Gold-Placer  District,  Alaska.     (Bulletin  No.  410,  U.  S.  Geological 

Survey.)    By  A.  G.  Maddren.     W^ashington,  1910.     (Exchange.) 
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International  Railway  Fitel  A680CIAtion.  Proceedings  of  Annual  Conven- 
tion, Ist,  1909.  Chicago,  1909.  (Gift  of  International  Railway  AaBocia- 
tion.) 

Iron  and  Steel  Institxjte.  Journal.  No.  II.,  1909.  London,  1909.  (Ex- 
change.) 

Iron-Ore  Resotirces  of  the  World.  By  £.  A.  Shubert  (Bulletin  No.  21, 
Appalachian  Engineering  Association.)    N.  p.,  n.  d.     (Gift.) 

Iron-Ores,  Fuels,  and  Fluxes  of  the  Birmingham  District,  Alarama. 
(Bulletin  No.  400,  U.  8.  Geological  Survey.)  By  R  F.  Burchard  and 
Charles  Butts.     Washington,  1910.     (Exchange.) 

Iron  Trade  Review.     Vols.  28,  30.    Cleveland,  1896,  1897.    (Exchange.) 

Junior  Institution  of  Engineers.  Journal  and  Record  of  Transactions. 
Vol.  19.     London,  1909.     (Exchange.) 

Lake  Superior  Mining  Institute.  Proceedings.  Vol.  14.  Ishpeming,  1909. 
(Exchange.) 

LiVERFOOL  Engenteering  Society.  Transactions.  Vol.  80.  Liverpool,  1909. 
(Exchange.) 

Mineral  Production  of  California  for  22  Years,  1887-1908.  (Sheet) 
(Bulletin  No.  55,  California  State  Mining  Bureau.)  San  Francisco,  n.  d. 
^Exchange.) 

Mineral  Production  of  California,  by  Counties,  1908.  (Sheet.)  (Bulle- 
tin No.  54,  California  State  Mining  Bureau.)  San  Francisco,  n.  d.  (Ex- 
change.) 

Mineral  Productions,  County  Maps,  and  Mining  Laws  of  California. 
(Bulletin  No.  56,  California  State  Mining  Bureau.)  San  Francisco,  n.  d. 
(Exchange.) 

Nevada  Consolidated  Copper  Company.  Letter  to  the  Stockholders,  Feb.  3, 
1910.     N.  p.,  n.  d.     (Gift  of  M.  Guggenheim's  Sons.) 

New  York  Academy  of  Sciences.  Annals.  Vol.  19,  Pt  1.  New  York, 
1909.     (Exchange.) 

New  York  State  Museum.  Annual  Report,  62d.  Vols.  2,  3,  4.  Albany, 
1909.     (Exchange.) 

New  Zealand.  Mines  Department.  Papers  and  Reports  Relating  to  Min- 
erals and  Mining,  1909.     Wellington,  1909.     (Exchange.) 

Ontario.  Mines  Bureau.  General  Index  to  the  Reports,  Vols.  1-16,  1891- 
1907.     Toronto,  1909.    (Exchange. ) 

Paint  Manufacturers'  Association  of  the  United  States.  Report  on  Ex- 
amination of  North  Dakota  Test  Fences,  1909.  (Bulletin  No.  25.)  Phila- 
delphia, 1909.  (Gift  of  Paint  Manufacturers'  Association  of  the  United 
States.) 

POSTULADOS  D£  LAS  CLASES  OBRERAS  Y  D£  LOS  DESVALIDOS  Y  PROLETARIOS  k 
PRESENCIA  DE  LA  ClENCIA   SOCIAL   Y,  EN   ESPECIAL,  DE   LA   ECONOMIA  Po- 

LITICA.  (Vol.  11. ,  Congreso  Cientifico  1°  Pan-Americano.)  Santiago  de 
Chile,  1909.     (Gift  of  the  Secretaria  General,  4®  Congreso  Cientifico. ) 

Public  Utility  of  Water  Powers  and  Their  Governmental  Regulation. 
(WateivSupply  Paper  No.  238,  U.  S.  Geological  Survey.)  By  Ren6  Taver- 
nierandM.  O.  Leighton.     Washington,  1910.     (Exchange.) 

Results  of  Magnetic  Observations  Made  by  the  Coast  and  Geodetic 
Survey  Between  July  1,  1908,  and  June  30,  1909.  By  R.  L.  Paris. 
(U.  S.  Coast  and  Geodetic  Survey,  Appendix  No.  3 — Report,  1909.)  Wash- 
ington, 1910.     (Exchange.) 
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Results  of  Spirit  Leveuno  in  Ilukois,  1896-1908,  Inclusive.  (Bulletin 
No.  421,  U.  a  Geological  Survey.)  By  S.  S.  Gannett  and  D.  H.  Baldwin. 
Washington,  1910.     (Exchange.) 

Scientifically  Pb£pabed  Paints  and  Laws  Governing  Their  Manufac- 
ture. By  H.  A.  Gardner.  Philadelphia,  n.  d.  (Gift  of  Paint  Manufac- 
turers' Association  of  the  United  States. ) 

Smithsonian  Institution.  Annual  Beport,  1908.  Washington,  1909.  i(Ex- 
change.) 

Smithsonian  Institution.  U.  S.  National  Museum.  Annual  Beport,  1909. 
Washington,  1909.     (Exchange.) 

Some  Iron  Oxides  and  Their  Values.  Philadelphia,  1910.  (Gift  of  Paint 
Manufacturers'  Association  of  the  United  States. ) 

Study  of  Base  and  Bearing  Plates  for  Columns  and  Beams.  (Bulletin 
No.  35,  University  of  Illinois,  Engineering  Experiment  Station.)  By  N. 
Clifford  Bicker.     (Exchange.) 

Theory  of  Driers  and  Their  Application.  (Bulletin  No.  23.)  Philadel- 
phia, 1910.     (Gift  of  Paint  Manufacturers'  Association.) 

U.  S.  Census  Bureau.  Beport  of  the  Director,  1908-09.  Washington,  1910. 
(Exchange. ) 

U.  S.  Interstate  Commerce  Commission.  Annual  Beport  of  the  Block  Signal 
and  Train  Control  Board,  2d,  1909.     Washington,  1909.     (Exchange.) 

U.  S.  Library  of  Congress.  Duplicate  Periodicals  and  Serials  Available  for 
Exchange,  Jan.,  1910.     Washington,  1910.     (Exchange.) 

Beport  of  the  Librarian,  1909.     Washington,  1909.     (Exchange.) 

Publications  Issued  since  1897.    Washington,  1910.     (Exchange.) 

Want  list,  Miscellaneous  Publications,  1909.  Washington,  1909.  (Ex- 
change. ) 

University  of  California.  Exchanges  Maintained  by  the  University  Press, 
Jan.,  1910.     Berkeley,  1910.     (Exchange.) 

Uses  of  Mineral  Oil  Mixed  Concrete.  By  Albert  Moyer.  N.  p.,  n.  d. 
(Gift  of  Vulcanite  Portland  Cement  Co. ) 

ZwEi  quecksilbermanometer  fur  niedrioe  Drucke.  Von  Karl  Soheel  und 
W.  House.  (Beprint  Physikalisch-technische  Beichsanstalt,  Pt.  11,  1909.) 
(Gift) 

Gift  of  Engineering  and  Mining  Journal. 

Airy,  W.  Origin  of  the  British  Measures  of  Capacity,  Weight,  and  Length. 
(Institution  of  Civil  Engineers.     Proceedings,  Vol.  177,  Pt.  3. ) 

Anderson,  G.  A.  Some  Aspects  of  Irrigation  Development  in  Colorado.  (Be- 
print Colorado  Scientific  Society,  Vol.  9.) 

Bayley,  V.  Pneumatic  Founding  of  Pier  No.  6,  Banas  Biver  Bridge,  Nagda- 
Muttra  State  Railway.  (Institution  of  Civil  Engineers.  Proceedings,  VoL 
177,  Pt.  3.) 

BoRNEMANN,  K.    Die  binareu  Metallegierungen.     1909. 

Brunswick,  E.  J.  L' Electricity  dans  les  mines  applications  diverses-extraction. 
1910. 

Cambridge.     Bridge  Commission.    Beport,  1909. 

Canada.  Mines  Department.  Catalogue  of  Publications  of  the  Geological 
Survey  of  Canada,  1909. 

Coal  Fields  of  Manitoba,  Saskatchewan,  Alberta,  and  Eastern  British  Co- 
lumbia.    1909. 

Descriptive  Sketch  of  the  Geology  and  Economic  Minerals  of  Canada. 


1909. 
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Caitada.  Mines  Depabtmsnt.  Report  on  the  Iron-Ore  Deposits  Along  the 
Ottawa  (Quebec  side)  and  Ghitineau  Rivers.     1909. 

CoNWAT,  G.  R.  G.  Aberdeen  Main  Drainage  Works.  Girdleness  Outfall 
Scheme.     (Institution  of  Civil  Engineers.     Proceedingn,  Vol.  177,  Pt.  3.) 

Gibson,  A.  H.,  and  Gwyther,  R.  D.  Effect  of  Vaiying  the  Degree  of  Satura- 
tion of  the  Air-Supply  to  a  Suction  Gas  Producer.  (Institution  of  Civil  En- 
gineers.    Proceedings,  Vol.  177,  Pt.  3.) 

HoLDEN,  H.  C.  L.  Road  Motors  of  the  Present  Day,  and  Some  Unsolved  Prob- 
lems Connected  with  Them.  (Institution  of  Civil  Engineers.  Proceedings, 
Vol.  177,  Pt  3.) 

Illinois.    Labob  Statistics  Bureau.    Annual  Coal  Report,  27th.     1908. 

Instituto  Geolooioo  de  Mexico.     Boletin  No.  26.     1908. 

Parergones.    Tomo  III.,  No.  1,  1909. 

Knowles,  a.  J.  Road  Bridges  Over  the  Nile  at  Cairo.  (Institution  of  Civil 
Engineers.     Proceedings,  Vol.  177,  Pt.  3.) 

McCluno,  R.  K.  Conduction  of  Electricity  Through  Gases  and  Radio- Activity. 
1909. 

Mkbbiam,  J.  C.  Occurrence  of  Strepsicerine  Antelopes  in  the  Tertiary  of 
Northwestern  Nevada.  (University  of  California,  Bulletin  of  the  Department 
of  Geology,  Vol.  6,  No.  22,  1909. ) 

Mexico.  Estado  y  del  Despacho  de  Hacienda  y  Credito  publico  Secretaria  Bole- 
tin  de  Estadistica  fiscal,  Nos.  338,  339,  341.     1909. 

Resumen  de  la  importacion  y  de  la  exportacion.     Aug. -Oct,  1909. 

Minneapolis.    City  Engineer.    Annual  Report,  1907,  1908. 

Mow  AT,  M.  Some  Recent  Grain  Handling  and  Storing  Appliances  at  the  Mill- 
wall  Docks.     (Institution  of  Civil  Engineers.     Proceedings,  Vol.  177,  Pt  3.) 

National  Society  fob  the  Promotion  of  Industrial  Education.  Bulletin 
No.  9,  1909. 

—  New  York  State  Branch.     Constitution  and  List  of  Members,  1908. 

New  Yobk  State.  Labor  Department.  Annual  Report  of  the  Bureau  of 
Labor  Statistics,  26th.     1909. 

New  Zealand.  Geological  Survey.  Geology  of  the  Whangaroa  Subdivision. 
(Bulletin  No.  8.)    1909. 

New  Zealand.  Mines  Department.  Papers  and  Reports  Relating  to  Min- 
erals and  Mining.     1909. 

Pennsylvania.     Mines  Department.    Report    Part  II.— Bituminous.     1907. 

Reed,  S.  J.  Design  of  Marine  Steam  Turbines.  (Institution  of  Civil  Engineers. 
Proceedings,  Vol.  177,  Pt  3.) 

Smithsonian  Institution.    Annual  Report,  1908. 

Soci^T^  l'industrie  MiNisRALE.     Bulletin  et  comptes  rendus,  Nov.-Dec.,  1909. 

La  Technique  Moderns.     (Supplement  to  Nov.,  1909,  number.) 

U.  S.  Army.    Report  of  the  Chief  of  Engineers,  1909. 

U.  S.  Census  Bureau,  Department  of  Commerce  and  Labor.  Forest  Prod- 
ucts of  the  U.  S.     (No.  10.)    1908. 

Bulletin  No.  105.     1909. 

U.  S.  Comptroller  of  Currency.    Annual  Report,  1909. 

U.  S.  Internal  Revenue  Commission.    Annual  Report,  1909. 

U.  S.  Geological  Survey.    Annual  Report  of  the  Director,  30tli.    1909. 

BuDetin  381-A  (advance  chapter) ;  Nos.  396,  396,  397,  404,  405,  409,  411. 

1909. 

Monograph.     Vol  46.     1904. 

Professional  Paper  No.  65.     1909. 
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U.  S.  Gbolooical  SuBYftY.      Water-Supply  Papers  Nos.   227,  233,  236,  238. 

1909^1910. 
U.  S.  Steam  Engineering  Bureau.    Annual  Report,  1909. 
University  of  Illinois.     Engineering  Experiment  Station.    Fuel  Testa  with 

House  Heating  Boilen.     (BuUetin  No.  31.)    1909. 
Unwin,  W.  C.    Standardization  and  Its  Influence  on  Engineering  Industries. 

(Institution  of  Civil  Engineers.     Proceedings,  Vol.  177,  Pt  3.) 
Zeitung  katalog  der  annoncen  expedition  Rudolf  Mosse.     Ed.  43.    1910. 

Trade  Catalogues. 

American  Concrete  Piling  Co.,  Philadelphia,  Pa.  Concrete  piles  for  founda- 
tions, piers,  wharves,  and  docks.     61  pages. 

Cyanide  Plant  Supply  Co.,  San  Francisco,  Cal.  The  Filtration  of  Slime  with 
the  Parrish  Continuous  Filter.     Reprint  from  Paeifie  Miner,    16  pages. 

Dings  Electro-Magnetic  Separator  Co.,  Milwaukee,  Wis.  Bulletin  No.  21. 
Magnetic  Separators.    20  pages. 

IszARD- Warren  Co.,  Philadelphia,  Pa.  Scientific  Instruments  for  the  town- 
house,  country  place,  travel,  and  sports.     48  pages. 

Masbek  Engineering  Co.  ,  New  York,  N.  Y.  Coal  Briquetting  machinery  and 
plants.     56  pages. 

Stephens-Adamson  Mfg.  Co.,  Aurora,  111.  Conveying  and  TVaiwmisnon,  Jan., 
1910.  A  publication  devoted  to  methods  for  the  mechanical  handling  of  ma- 
terials and  transmission  of  power.     24  pages. 

United  Engineering  Society  Library. 

Eagle  Almanac,  1909.     Brooklyn,  1910.     (Purchase.) 

Hendricks'  Commercial  Register  of  ise  United  States.    Ed.  18.    New 

York,  1910.     (Purchase.) 
How  to  Make  Improvement  Thinnings  in  Massachusetts  Woodlands. 

By  H.  O.  Cook.     Boston,  1910.     (Gift  of  Massachusetts  State  Forester.) 
Register  till  patent  meddelade  af  Eungl.  Patentbyran.   1885-1908,  and 

Supplement  to  1905.     Stockholm,  1890-1909.     (Purchase.) 
Study  of  the  Massachusetts  Wood-Using  Industries.    By  H.   Maxwell. 

Boston,  1910.     (Gift  of  Massachusetts  State  Forester.) 
Tribune  Almanac,  1910.     New  York,  1910.     (Purchase. ) 
World  Almanac,  1910.    New  York,  1910.     (Purchase.) 

Gift  of  E  E.  Olcott. 

Albany  Institute.    Transactions.    Vol.  5.     Albany,  1867. 

New  York  State.     Adjutant  General.    Annual  Report   Vol.  3.  Albany,  1868. 

New  York  State  Engineer  and  Surveyor.    Annual  Report  on  Canals,  1862, 

1864.     Albany,  1863,  1865. 

Annual  Report  on  Railroads,  1862,  1865.     Albany,  1863,  1866. 

New  York  (State)  Railroad  Commissioners.   Report.   Vol.  1,  1885.   Albany, 

1886. 
Sweet,  S.  H.     Documentary  Sketch  of  New  York  State  Canals.    Albany,  1863. 

Trade  Catalogues. 

Carnegie  Steel  Co.,  Pittsburg,  Pa. 

Steel  Mine  Timbers.     Data  and  tables  for  the  use  of  mining  engineers.     46 
pages. 


Ambrioan  Institute  of  Mining  Enginbers.        xxix 

CaBNBGIE  STEBTi  Go.,  PittsbuTg,  Plu 
Steel  Sheet  Piling.     16  pages. 
Schoen  Steel  Wheels,  No.  I.    46  pages. 
Schoen  Steel  Wheels.    Designs  and  Specifications.     46  pages. 
Oamegie  Special  Welding  Steel.     Carnegie  Special  Threading  Steel.     40 

pages. 
Oamegie  Steel  Cross  Tie  and  Duquesne  Rail  Joint     61  pages. 
Steel  Sheet  Piling.     Types  of  construction  and  examples  of  installation.     64 

pages. 
Steel  Mine  Timbers.    Types  of  construction  and  examples  of  installation. 

30  pages. 
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MEMBERSHIP. 

New  Members. 

The  following  list  compriBcs   the  names  of  those  persons 

elected  as  members  who  accepted  election  during  the  month 

of  February,  1910 : 

Members. 

Nelson  G.  Brayer, Sharon^  Pa. 

Halsted  Woodrow  Caldwell, Thomas,  Ala. 

Robert  B.  Garnahan,  Jr., Middletown,  Ohio. 

Edwin  £.  Carpenter, Syracuse,  N.  Y. 

Harry  Edward  Ewing, Worth,  W.  Va. 

Thomas  Francis  Higgins, Panalcillo,  Coquimbo,  Chile,  South  America. 

James  Macdonald  Hyde, Palo  Alto,  Cal. 

Joseph  Henry  Ivey, Quechisla,  Bolivia,  South  America. 

William  Neilson, Midas,  Nev. 

Philip  Benjamin  Osborn, Johannesburg,  South  Africa. 

William  Clark  Joseph  Rambo, Cainesville,  Mo. 

Charles  Arthur  Stewart, Ithaca,  N.  Y. 

Alfred  Wood  Stickney, Cambridge,  Mass. 

Malcolm  MacFarlan  Thompson, Ridgefield,  N.  J. 

Earl  M.  Way, Boston,  Mass. 

Leslie  James  'Wilmoth, Germiston,  South  Africa. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  for  election  as 
members  of  the  Institute  during  the  month  of  February, 
1910.  Their  names  are  published  for  the  information  of  mem- 
bers and  associates,  from  whom  the  Committee  on  Membership 
earnestly  invites  confidential  communications,  favorable  or  un- 
favorable, concerning  these  candidates.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the 
residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  communications,  before  any  action  upon  these  names 
by  the  Committee.  After  the  lapse  of  this  period,  the  Com- 
mittee will  recommend  action  by  the  Council,  which  has  the 

power  of  final  election. 

Members. 

Frank  H.  Blackmar, Kansas  City,  Mo. 

Frederick  J.  Brul^, Tooele,  Utah. 

Lowell  Huntington  Brown, Catasauqua,  Pa. 
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Dean  Stanley  Calland, Pachuca,  Hidalgo,  Mexioo. 

Frederick  Q.  Clapp, Pittsburg,  Pa. 

R.  C.  Crawford, McKeesport,  Pa. 

Herbert  H.  Crease, Ibagu^,  Colombia,  S.  A. 

Justin  Sarsfleld  De  Lury, Moeoow,  Idaho. 

Slang  Hye  En, Nanking,  China. 

lUchard  Eustice, Moonta  Mines,  So.  Australia. 

David  Morrill  Folsom, Palo  Alto,  Cal. 

Heitaro  Fajita, Dojima,  Osaka,  Japan. 

Edmund  Cecil  Harden, Washington,  D.  C. 

Charles  Holding, Collinsrille,  111. 

Kazuye  Kibe, Tokyo,  Japan. 

Richard  Kleesattel, Seattle,  Wash. 

Qrenville  Lewis, Pineville,  Ky. 

Dayid  Sebastian  Longacre, Dragon,  Utah. 

Harry  Bertine  Meller, Pittsbuig,  Pa. 

Peter  A.  Newton, South  Chicago,  111. 

Charles  G.  Osborne, South  Chicago,  111. 

Hugh  Davidson  Pallister, Cleveland,  Ohio. 

Robert  Boyd  Stewart, Toronto,  Canada. 

Stephen  Taber, Charlottesville,  Va. 

Harry  S.  Thayer, Colorado  Springs,  Colo. 

William  P.  Wescott, Jersey  C^ty,  N.  J. 

Charles  S.  Witherell, Newark,  N.  J. 

Associate. 

George  B.  Cheliiis, New  York,  N.  Y. 

Change  of  Status. 

1m  H.  Winkler, Johnstown,  Pa. 

Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  re- 
ceived at  the  Secretary's  office  during  the  month  of  February, 
1910.  This  list,  together  with  the  list  published  in  Bulletin  No. 
38,  February,  1910,  therefore,  supplements  the  annual  list  ot 
members  corrected  to  Jan.  1, 1910,  and  brings  it  up  to  the  date 
of  Mar.  1,  1910.  The  names  of  members  who  have  accepted 
election  during  the  month  (new  members)  are  printed  in  italics. 

Armas,  MiltiadisTh 25  Blvd.  Camot,  Alger,  Algerie,  France. 

BAflSETT,  William  H.,  Met American  BrasB  Co.,  Waterburj,  Conn. 

Bateson,  ChaklesE.  W 20  W.  48th  St,  New  York,  N.  Y. 

Baumoabtkn,  Eakl P.  O.  Box  268,  Tucson,  Ariz. 

Bel,  J.  Marc 90  Rue  d' Amsterdam,  Paris,  France. 

Blackmeb,  William  D.,  Care  H.  M.  Blackmer,  111  Broadway,  New  York,  N.  Y. 

Bbadley,  Oliver  t! ...Muskogee,  Okla. 

*Brayerf  N.  (r.,  Aast  Supt.... National  Malleable  Castings  Co.,  Sharon,  Pa.     '10. 
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BuiULAix,  Frederick  P Apartado  5,  Naoozari,  Son.,  Mexico. 

Caetani,  Gelabio 1019  Crocker  Bldg.,  San  Frandaoo,  Cal. 

Calderwood,  James  M.,  Cons.  Min.  Engr.,  105  Exploration  Bldg., 

Johannesburg,  Transvaal,  So.  Africa. 

•Co/c/iw//,  Halsitd  TT.,  Min.  Engr Tiiomas-,  Ala.     '10. 

*Camahany  Robert  B.,  Jr,,  Met,  Genl.  Supt,  American  Rolling  Mill  Co., 

Middletown,  Ohio.    '10. 

•Carpenter,  Edtoin  K,  Min.  Engr 120  W.  Willow  St.,  Syracuse,  N.  Y.     '10. 

CiiARK,  Fred 107  Lick  Bldg.,  San  Francisco,  Cal. 

Clark,  George  M.,  Mgr Sherman  Mining  <&  Milling  Co.,  Plaoerville,  Cal. 

Cole,  Frank  L P.  O.  Box  197,  VUdivostok,  Siberia. 

CoMSTOCK,  Theodore  B.,  Engr.,  Board  of  Public  Utilities,  City  Hall, 

Los  Angeles,  Cal. 

CxTMMiNOS,  William  N P.  O.  Box  268,  Tucson,  Ariz. 

Dick,  James  C,  Care  Cons.  MercurG.  M.  Co.,  P.  O.  Box  1418, 

Salt  Lake  City,  Utah. 

Dick-Cleland,  a.  F Care  Apartado  181,  Guadalajara,  Jal.,  Mexico. 

DoNOHUE,  Patrick  J 66  W.  3d  South  St.,  Salt  Lake  City,  Utah. 

Dorr,  John  Van  N 728  Equitable  Bldg.,  Denver,  Colo. 

Draper,  Carl  H Hacienda  San  Vincente,  San  Martin  Hidalgo,  Jal.,  Mexico. 

Draper,  Fred  W Care  Hotel  Savoy,  London,  England. 

Ddffield,  Morse  S 311  Dooly  Bldg.,  Salt  Lake  City,  Utah. 

Elmer,  William  W.,  Care  Cia.  Real  del  Monte  y  Pachuca, 

Pachuca,  Hgo.,  Mexico. 
Emlaw,  Harlan  S.,  Care  Utah  Consolidated  Mining  Co., 

Bingham  Canyon,  Utah. 

*Etdngf  Harry  K,  Transitman Worth,  W.  Va.     '10. 

Forbes,  D.  L.  H.,  Min.  and  Met.  Engr.,  Care  El  Tigre  Mining  Co.,  S.  A., 

Yzabal,  Son.,  Mexico. 

Franck,  Albert  C 3408  Sixth  St,  San  Diego,  Cal. 

Fudge,  Thomas 32  W.  38th  St.,  Bayonne,  N.  J. 

Geppert,  B.  M Post  Station,  Atbasar,  Siberia. 

GouYARD,  GustaveM 201  W.  79th  St.,  New  York,  N.  Y. 

GranstedT}  Frank  H.,  Mine  Mgr.,  Mt.  Bischoff  Extended  Tin  Mining  Co., 

Waratah,  Tasmania. 
Greenidoe,  Samuel  M.,  Care  Greenidge  <&  Lee,  P.  O.  Box  344, 

Cananea,  Son.,  Mexico. 

Griffith,  William  V Geyserville,  Cal. 

Griswold,  William  T.,  Geol.,  Philadelphia  Co.,  435  Sixth  Ave.,  Pittsburg,  Pa. 

Grunsky,  Carl  E.,  Jr 45  Broadway,  New  York,  N.  Y. 

Haehl,  Harry  L.,  Duryea,  Haehl  &.  Gilman,  1314  Humboldt  Bank  Bldg., 

San  Francisco,  Cal. 
Harris,  Harold  J.,  Care  Keeling,  Teale,  Harris  <&  Co.,  Ltd., 

12  Ravenscourt  Sq.,  London,  W.,  England. 

Hawkins,  T ancred V ictor  Gold  Mine ,  P.  O.  Box  54 2,  Victor,  Colo. 

Hedley,  Robert  R P.  O.  Box  812,  Victoria,  B.  C,  Can. 

Herr,  Irvinq Apartado  49,  Guanajuato,  Mexico. 

HiGGiNS,  Edwin Columbia  Trust  Bldg.,  Los  Angeles,  CaL 

*Higgi'My  Thomcu  jP.,  Smelter  Supt.,  Central  Chile  Copper  Co., 

Panulcillo,  Coquimbo,  Chile,  So.  Amer.    '09. 
HiNDSHAW,  Henry  H.,  Geol.  and  Min.  Engr. ,  153  Coolidge  Ave.,  Syracuse,  N.  Y. 

Hoar,  Frederic  W P.  O.  Box  959,  Globe,  Ariz. 

Hodoe,  BENJAMm Instructed  to  hold  all  mail. 
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HoRAGEN,  George. La  Pa~s,'B(xliTia»  So.  Amer. 

HuOflEB,  Wilson  W.,  Cia.  dd  Beal  del  Monte,  Hacienda  de  Loreto, 

Pachiica,  Hgo.,  Mexico. 

*irifd€,  James  M,,  Min.  Engr 334  Lincoln  Ave.,  Palo  Alto,  Cal.    »07. 

*Iveyy  JoaephH.f,  Mln.  Engr.,  Care  Animajo,  Francke  &  Co., 

Quecliisla,  Bolivia,  So.  America,  via  Bnenos  Ay  res.    '09. 
Jack,  Javs?,  Caze  Liatitution  of  Mining  and  Metallurgy,  Salisbury  House, 

London,  R  C.,  England. 

Jeffs,  Lewis  A 309  Dooly  Block,  Salt  Lake  City,  Utah. 

Kaedin^s,  GkobgeL. Eaeding  Const  Co.,  Eureka,  Ne^. 

Keith,  Fbakk  A.,  Min.  Engr 731  Central  BIdg.,  Los  Angeles,  Cal. 

KiBKCALDY,  Norman  M.,  37  Biiliter  BMg.,  Billiter  St,  London,  E:  C,  England. 

Langley,  Seth  S 22i)  Blatchley  Ave.,  New  Haven,  Conn. 

Laudig,  O.  O Care  Emery  Keller,  R.  F.  D.  3,  Battle  Creek,  Mich. 

Leavell,  John  H Care  Buffalo  Mine,  Colialt,  Ont,  Can. 

Lee,  J.  Henry 23  AV.  20tliSt,  Baltimore,  Md. 

LinoELL,  Charles  A Battle  Mountain,  Nev. 

Linnsy,  William  H 1234  Westlake  Ave.,  Los  Angeles,  Cal, 

Louis,  David  A ..123  Pall  Mall,  S.  W.,  London,  England. 

XuNT,  Horace  F Gazette  Bldg.,  Colorado  Springs,  Colo. 

McAuLEY,  Duncan  F.,  Great  Boulder  Perseveiance  G.  M.  Co., 

P.  O.  Box  94,  Fimiston,  West  Aust 
McGregor,  J.  Murray,  Care  Geological  Survey  and  Museum,  33  George  8q., 

Edinburgh,  Scotland^ 

McKim,  John  W 532  Dooly  Block,  Snlt  Ijike  City,  Utah. 

McLiNTOCE,  Archibald Hermon  House,  Hermon,  N.  Y. 

Mayer,  Paul  H 1120  I^fayetteSt,  Denver,  Cola 

Mein,  William  W Box  1145,  Johannesburg,  Transvaal,  So.  Africa. 

Miller,  Emory  T Care  United  Fruit  Co.,  Bocas  del  Toro,  Pannma. 

Miller,  Jesse  W 30  W.  44ih  St.,  New  York,  N.  Y. 

Mills,  Ronald  V.  A Care  F.  C.  Mills,  20  Union  8<|.,  New  York,N.  Y. 

Morris,  Frank  H.,  Cons.  Civ.  and  Min.  Engr.,  8  Union  Cburt,  Old  Broad  St, 

London,  E  CL,, England. 

*NeHwn^  William^  Min.  Engr Gold  Circle  Mining  District,  Midas,  Nev.    '10: 

NiCHOLLS,  John  C Dutch  Flat,  Placer  Co.,  Cal. 

NiCiioi^,  Ralph Latest  Out  Mine,  Gilmore,  Lemhi  Co.,  Idaho. 

North,  Wheeler  0.,  Care  British  Malnysian  Kubl)er  Co., 

Goebilt,  Sarawak,  Domeo,  Dutch. East  Indies. 

Oliver,  Robert  S.,  Mgr. Utah-.Apex  Mining  Co.,  Bingham  Canyon,  Utah; 

*0«6oifi,  Philip  B»f  Tech.  StafT,  General  Mining  and  Finance  Corpn., 

Box  1212,  Johannesburg,  Transvaal,  So.  Africa.    '10. 

Paine,  Frederic  C,  Civ.  Engr Care  Paine  <&  Muldrow,  Okanogan,  Wash. 

Palmer,  Robert  E.,  Chief  Min.  Engr.,  Rio  Tinto  Co.,  Rio  Tinto  Mines, 

.  Prov.  of  Huelva,  Spain. 

Palicer,  William  J.  A ,.P.  O.  Box  HOO,  Mazatlan,  Sinaloa,  Mexico. 

Parrish,  Samuel  F ,  ^......Care  Consolidation  Copper  Mines,  Parker,  Aris. 

Petersson,  G«  Walfrid, Engelbrecktsgatan  43  B,  Stockholm,  Sweden; 

Po-MEROYi  WiLLfAM  A.,  Care  New  Jersey  Zmc  Co.,  36  Wall  St„  New  York^N.Y. 
Porter,  Jesse  C,  Santa  Rita  Mine,  Nicaragua,  via  Silveretein  and  Eelting, 

024  Maison- Blanche  Bldg.,  Newt).rleanS|  La.' 
*JRamho,  William  C.  X,  Supt.,  Grand  River  Co  il  &  Coke  Co.,  Cainsville,  Mo.  '10. 
REDMATNKy  IL  A.  S.,  Chief  Inspector  of  Mines,  Home  Office,.  London,  England* 
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BoBBaTPy  Edward  J.,  Supt.,  Spokane  Internntional  Hy.  nnd 

Corbin  Conl&  Coke  Co.,  Spokane,  Wash. 

•BoFES,  Leveritt  8 541  N.  Kodney  St.,  Helena,  Mont 

•Rose,  HtTOH Cia.  de  Sunta  Oertrudis,  Pachnca,  Ilgo.)  Mexico. 

BosE,  Frank  A.,  Cons.  Engr Sffokane -Club,  Spokane,  Wash. 

•BuLE,  J.  Arthur,  Asst.  Snpt ,  Cia.  Metalurgica  de  Torreon,  Apartndo  260, 

Torreon,  Cooh.,  Mexico. 

•Sample,  Clabekcb  C 5  W.  65th  St,  New  York,  N.  Y. 

Sakders,  W.  £ Hotel  Cumberland,  Los  Angeles,  Cal* 

ScAiFE,  MARVi^fF 514  North  Ave,  .Allegheny,  Pd. 

Scott,  Edward  H 517  Crocker  BIdg.,  San  Franciaoo,  Cat 

Shebrerd,  JohkM 840  Spring  Garden  St,  Easton,  Pa. 

Skeeus,  Lee  H 1239  S.  Farwell  St,  Eau  Claire,  Wis. 

Smith,  J.  William,  Asst.  Genl.  Mgr. Solray  Process  Co.,  Syracuse,  N.  Y. 

Smith,  Lloyd  B Carnegie  Technical  Schools,  Pittsburg,  Pa. 

Smith,  William  A.,  Care  United  Zinc  &  Chemical  Co.,  1012  Baltimore  Ave., 

Kansas  City,  Ma 

Snow,  Frederick  W Ray  Cons.  Copper  Co.,  Kelvin,  Aria. 

SoPEB,  Edgar  K.,  Instructor  in  Eoon.  Geol.,  Univ.  of  Minn.,  Minneapolis,  Minn. 

Spies,  Albert,  Mgr.  Dir. Foundry  NetcSf  50  Church  St.,  New  York,  N.  Y. 

Stanford,  Richard  B.,  Siempre  Viva  Mining  Co.,  via  Cape  Gmcias, 

Nicaragua,  C.  A. 

Steel,  Donald 120  Oak  Ave.,  Ithaca,  N.  Y. 

Stenoer,  Edward  L Mountain  Copper  Co.,  Keswick,  Shasta  Ca,  Cal. 

'*Skwartf  Charles  A.y  Instructor  in  Geol.,  Cornell  University,  Iihaca,  N.  Y.     '10. 
^Stickney,  Alfred  IK!,  Teaching  Fellow  at  Harvard,  12  Channey  St, 

Ciimbridge,  Mass.  MO. 
Strout,  Ernest  A.,  Care  Cia.  de  Santa  Gertrudis,  8.  A.,  Pachucn,  Hgo.,  Mexico. 
Taylor,  Albert  W.,  Genl.  Mgr.,  Korean  Exploration  Co.,  Chiksan  Mines, 

Chiksan,  Korea. 
Thompson,  James  S.,  Supt.  1st  Dlv.,  Colorado  Fuel  &  Iron  Co.,  Tiinidad,  Colo. 

»2%omp8on,  Malcolm  3/;,Min.  Engr P.  O  Box  26,  RidgeMd,  N.  J.     '10. 

Tower,  George  W.,  Jr Socorro  Mines,  Mogollon,  N.  M. 

Trotz,  J.  O.  Emanuel Svanevik,  Ronneby,  Sivetlen. 

Vallat,  Benjamin  W.,Supt ^ Newport  Mining  Co.,  Ironwood,  Mich. 

ViDLER,  Louis  W Lookout  Mt.,  Golden,  Colo. 

Vjooers,  William P.  O.  Box  7o,  Guadalupe,  Dnr.,  Mexico. 

Walter,  E.  W.,  Genl.  Mgr Banker  Mining  &  Tunnel  Co.,  Winfield,  Colo. 

*Wayi  Karl  Jl/l,  Min.  Engr 93  Broad  St.,  Biiston,  Mass.     MO. 

Webber,  George  E P.  O.  Box  1056,  Johannesburg,  Transvaal,  So.  Africa. 

Weigall,  Arthur  R.,  Genl.  Mgr.....KMpsan  Mining  Co.,  Kapsan  Mine,  Korea. 
Welhaven,  Alf.,  Genl.  Mgr.,  Oriental  Consolidated  Mining  Co., 

Pukcliin,  Unsan,  Korea. 

Wells,  Frank  B 958  Valencia  St,  Los  Angeles, Cal. 

White,  EdmondA -. Port  Kembla,  N.  S.  W.,  Aust 

White,  Rush  J t ...Wardiier,  Idaho. 

Wilder,  Frederick  B Santa  Rita,  N.  M. 

Williams,  J.  M.,  Jr.,  Supt  Mining  Dept,  Cia.  Metalurgica  Mexirana, 

Apartado  132,  San  Luis  Potosi,  Mexico. 
Williams,  John  R.,  Care  Standard  Bank  of  h'o.  Africa,  10  Clements  Lane, 

Lrtndon,  E.  C,  England. 
*WUmoth,  LedUJ,,  Chief  Assayer,  Simmer  A  Jack  Proprietary  Mines,  Ltd., 

Box  192  Germiston,  Transvaal,  So.  Africa.    '09. 
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Wilson,  Elwood  J Care  The  Stratford,  242  Powell  St.,  San  Francitco,  Cal. 

Wooi>8,  Clarence Instructed  to  hold  all  mail. 

Wraith,  William,  Met.  and  Supt. ,  Washoe  Smelter, 

Anaoonda  Copper  Mining  Co.,  Anaconda,  Mont. 
Yeandle,  William  H.,  Jr.,  Care  Cia.  de  Heal  del  Monte  y  Pachaca, 

Barran  Mine,  Pachuca,  Hgo. ,  Mexico. 
Zeller,  Howard  P 1118  So.  16th  St.,  Birmingham,  Ala. 

Addresses  of  Members  and  Associates  Wanted. 

Name.  Last  AddiesB  on  Records,  from  which  Hail  has  been  Returned. 

Alexander,  Greorge  £., Sparta,  Ore. 

Andersen,  Carl, Johnnie,  Nev. 

Badger,  Harry  S., Goldboro,  N.  S.,  Canada. 

Bartoccini,  Astolfo, 214  E.  90th  St,  New  York,  N.  Y. 

Bassett,  Thomas  B., Cumpas,'Sonora,  Mexico. 

Batchelder,  Joseph  F., 54  Ist  St,  Portland,  Ore. 

Bellam,  Henry  L., Reno,  Nev. 

Bouchelle,  James  F., 22  Duncan  Ave.,  Jersey  City,  N.  J. 

Brown,  Frank  H., Coppermount,  Alaska. 

Campa,  Joee, Mexico  City,  Mexico. 

Cragoe,  A.  Spencer, Vencedora,  Mexico. 

Daniel,  Mark, United  Elkhom  Mines,  Baker  City,  Ore. 

Derby,  Harry  S., 134  Monroe  St,  Chicago,  111. 

Dickson,  George  H., Lethbridge,  Alberta,  Canada. 

Donnewald,  Albert  H., 3709  Finney  Ave.,  St  Louis,  Mo. 

Dougherty,  Clarence  E., 41  Wall  St,  New  York,  N.  Y. 

Downs,  ME 26  Broad  St,  New  York,  N.  Y. 

Ekberg,  Benjamin  P., -.  Johannesburg,  Transvaal,  So.  Africa. 

Field,  Wilfrid  B., Mexico  City,  Mexico. 

Fitch,  Frank, Black  Mt  Min.  Co.,  ^agdalena,  Mexico. 

Foster,  Lewis  E., Utah  Copper  Co.,  Qarfield,  Utah. 

Gaines,  Ambrose  P., Dayton  Coal  <&  Iron  Co.,  Dayton,  Tenn. 

Gee,  Emerson, Reno,  Nev. 

Geppert,  Bichard  M., Bay,  Ariz. 

Hand,  Carlton  H., Butte,  Mont 

Hunt,  Thatcher  R., Iron  Mt,  via  Keswick,  Cal. 

Jewett  Eliot  C, 2918  Morgan  St,  St  Louis,  Mo. 

Kow,  Tong  Sing, Shanghai,  China. 

McCan,  E.  K., Braden  Copper  Co.,  Graneros,  Chile,  S.  A. 

Mildon,  R^finald  B., Nacozari,  Son.,  Mexico. 

Moulton,  Herbert  G., Cobalt,  Ont,  Canada. 

Muir,  Thomas  K., Portland,  Ore. 

Perkins,  Walter  G., McGill,  Nev. 

Piper,  John  W.  H., Buenos  Ayres,  Argentine  Rep.,  S.  A. 

Potter,  J.  A., 41  W.  124th  St,  New  York,  N.  Y. 

Sandifer,  Harmer  C, El  Oro,  Mexico. 

Schneider,  Albert  F., 112  Riverside  Drive,  New  York,  N.  Y. 

Scott,  Winfield  G., Long  Beach,  Cal. 

Sevier,  John  C, Winnemucca,  Nev. 

Skelding,  Joseph  F., Embreeville,  Tenn. 

Thomas,  Richard  A., 43  Wall  St,  New  York,  N.  Y. 
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Trerise,  Josiah  H Box  2086,  Johannesburg,  Soath  Africa. 

Weddle,  Joseph  H. , San  Juancito,  Honduras,  C.  A. 

Wilson,  Odell, Shingle,  Gal. 

Wolfe,  Burton  L., Ely,  Ney. 

Yates,  Edwin  F., P.  O.  Box  25,  Bawhide,  Ney. 

Young,  William, Kenora,  Ont,  Canada. 

Necrology. 

The  deaths  of  the  following  members  have  been  reported  to 
the  Secretary's  office  during  the  month  of  February,  1910 : 

Date  of 
Election.  Name.  Date  of  Decease. 

1902.  *Wager  Bradford, 

1908.  *R.  Prewitt  Coleman, February  6,  1910. 

1876.  *John  W.  Hoffman, January  18,  1910. 

1874.  ^Charles  B.  Parsons, January  28, 1910. 

1900.  *Ferd.  H.  Kegel, January  18, 1910. 

1888.  *William  H.  Schlemm, 

1882.  *A.  B.  Wood, January  24,  1910. 

Biographical  Notices. 

Ottokar  Hofmann  was  born  in  1848  at  Ruskberg,  a  mining 
town  in  Hungary,  where  his  ancestors,  for  several  generations, 
had  been  miners  or  metallurgists.  He  was  educated  in  Vienna 
and  at  the  Royal  Saxon  Mining  Academy  of  Freiberg,  where 
he  was  graduated  in  1866.  In  1867,  he  came  to  the  United 
States,  and  formed  with  the  l$ite  Guido  Kiistel  a  partnership, 
which  at  first  conducted  an  assay-office  only,  but  subsequently 
established  metallurgical  testing-works — the  first  on  the  Pacific 
Coast.  At  that  time,  the  Washoe  pan-amalgamation  (with  or 
without  chemical  reagents)  and  the  so-called  "  Freiberg  '*  bar- 
rel-amalgamation were  practically  the  only  processes  employed 
in  treating  the  silver-bearing  ores  of  the  Comstock,  and  of 
other  districts  in  Nevada.  Messrs.  Kiistel  and  Hofmann  did 
much  to  aid  the  introduction  of  lixiviation  processes,  such  as 
the  Patera,  and  especially  the  Plattner  chlorination.  In  1869, 
Mr.  Hofmann  erected  lixiviation-works  at  La  Dura,  in  Sonora ; 
and  the  success  of  this  undertaking  (after  many  difficulties  had 
been  overcome)  led  to  his  construction  at  La  Trinidad  and  San 
Marcial,  in  the  same  State,  of  similar  plants,  which  were  suc- 
cessfully operated  for  a  considerable  period.  The  circumstance 
that  changes  in  economic  conditions  and  the  development  of 

*  Member. 
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new  processes,  soch  as  the  cyanide  process,  have  since  super- 
seded, to  some  extent,  these  earlier  methods,  does  not  detract 
from  his  merit  as  a  pioneer. 

Returning  to  California,  Mr.  Hofmann  was  engaged  for  sev- 
eral years  as  metallurgist  in  amalgamating-mills  and  chlorina- 
tion-works  in  Nevada  and  California.  In  1878,  he  was  em- 
ployed to  treat  the  rich  and  complex  concentrates  of  certain 
mines  at  Monitor,  Cal.  This  problem  he  solved  successfully 
by  roasting  the  ore  with  salt,  extracting  the  gold  by  chlorina- 
tion,  and  leaching  the  residuum.  His  success  in  this  case  led 
to  his  engagement  for  similar  work  in  connection  with  many 
Western  and  Mexican  mining  enterprises.  In  1888,  he  was 
employed  to  experiment  with  the  ores  of  the  San  Francisco  del 
Oro  mine,  near  Parral,  Mex. ;  and  the  result  of  this  work  ap- 
peared in  a  series  of  articles,  published  in  1889  by  the  Engi- 
neering  and  Miamg  Journal^  which  constituted  an  important  con- 
tribution to  metallurgical  literature.  In  1890,  he  became 
managing  director  of  the  North  Mexican  Mining  k  Milling  Co., 
a  position  which  he  held  until  1894,  when  he  was  engaged  by 
the  Hidalgo  Mining  Co.  to  rebuild  and  remodel  its  lixiviation- 
works  at  Parral.  In  1895,  he  was  called  by  the  Kansas  City 
Smelting  k  Sefining  Co.,  to  take  charge  of  its  copper-extraction 
department.  In  this  work,  he  developed  the  Hofmann  process 
for  the  production  of  pure  copper  sulphate,  a  description  of 
which  may  be  found  in  Vols.  VIIL  and  X.  of  Mineral  Industry. 
In  1899,  he  was  appointed  chemical  director  of  the  United  Zinc 
k  Chemical  Co.,  for  which  he  built  a  large  plant  at  Argentine, 
Elan.,  where  he  remained  until  1905.  He  then  resigned,  in- 
tending to  devote  his  time  to  experimental  work  and  writing. 
He  was  engaged  in  this  work  for  two  years,  during  which  time 
he  discovered  a  new  method  of  making  red  oxide  pigments  of 
unusual  brilliancy.  He  also  wrote  a  number  of  articles  and 
completed  his  well-known  treatise  on  The  Hydromeiallurgy  of 
Silver. 

A  sedentary  life,  however,  did  not  suit  his  active  tempera- 
ment, and  in  1907  he  decided  to  go  back  to  Mexico,  accepting 
an  offer  from  the  Topia  Mining  Co.,  of  New  York.  Topia  is  a 
small  mining-camp  in  the  precipitous  mountains  of  Durango, 
more  than  100  miles  from  a  railroad.  The  place  is  remote, 
being  reached  only  by  difficult  trails,  and  it  was  almost  impos- 
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sible  to  secure  proper  food  and  accommodations.  Though  he 
accomplished  what  he  undertook  to  do — ^to  remodel  a  run-down 
lixiviation-plant  and  make  it  pay — he  was  too  old  a  man  at  that 
time  to  undergo  such  hardships,  and  his  health  gave  way.  He 
returned  to  his  home  in  Kansas  City,  but  last  summer  his 
health  broke  down  completely,  and  he  died  Dec.  24, 1909. 

Mr.  Hofmann  became  a  member  of  the  Institute  in  1884,  but 
his  only  contribution  to  the  Transactions  was  a  paper  on 
Trough-Lixiviation  (Trans.y  xvi.,  662),  the  ability  and  value  of 
which  increases  our  regret  that  he  was  not  spared  to  give  us 
further  fruits  of  his  genius  and  experience. 

For  much  of  the  foregoing  notice,  I  am  indebted  to  the  ex- 
cellent notice  of  Mr.  Hofmann  published  in  the  Engineering 
and  Mining  Journal  of  Jan.  22, 1910.  But  I  have  also  personal 
knowledge  of  his  good  work  through  many  years. — R.  W.  R. 

Israel  Wistar  Morris^  who  was  born  in  1829,  was  one  of  the 
pioneer  operators  in  the  anthracite-regions  of  Pennsylvania. 
Not  regarding  himself  as  strictly  a  mining  engineer,  he  was, 
nevertheless,  much  interested  in  the  Institute,  which  he  joined 
in  1875,  and  subsequently  became  a  life  associate.  Mr.  Morris 
died,  full  of  years  and  honors,  Dec.  18,  1909. 

CJiarles  B.  Parsons  was  born  Feb.  26,  1880,  at  Benson,  Vt., 
but  during  his  childhood  he  went  with  his  parents  to  Michigan, 
where  he  received  a  public-school  education.  In  the  War  of 
the  Rebellion,  he  served  with  the  rank  of  lieutenant,  and  at 
its  close,  took  charge  of  a  small  silver-lead  mine  near  North- 
ampton, Mass.  In  1867  he  removed  to  Missouri,  where  he  be- 
came, and  remained  for  nearly  43  years  (down  to  a  time  not 
long  before  his  death),  the  resident  manager  of  the  St.  Joseph 
Lead  Co.,  having  its  mines  and  reduction-works  at  Bonne 
Terre.  When  he  took  charge  of  it,  the  property  showed  only 
an  irregular  multitude  of  separate  shallow  surface-pits,  with  a 
few  hand-jigs  for  concentrating  the  product;  and  the  annual 
product  was  scarcely  100  tons  of  marketable  galena.  With 
admirable  courage  and  prescieiice,  he  did  for  this  mineral  de- 
posit what  W.  B.  Cogswell  did  a  little  later  for  Mine  La  Motte 
— namely,  established  by  borings  t*he  existence  of  large  bodies 
of  low-grade  ore  (galena,  disseminated  in  limestone),  organized 
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the  exploitation  of  these  masses  on  a  large  scale,  and  provided 
saitable  means  for  the  concentration  of  the  crude  product,  as 
well  as  for  its  metallurgical  treatment.  In  the  execution  of 
this  scheme,  he  embodied  many  features  of  audacious  origi- 
nality, which  subsequently  won  for  him  a  deservedly  high  repu- 
tation as  a  mechanical  and  metallurgical  engineer.  But  in 
the  beginning,  all  novelties  in  plan  served  only  to  hinder  the 
acquisition  of  the  needed  capital,  and  the  years  of  Mr.  Parsons's 
early  experiments  were  years  of  financial  struggle  also.  More- 
over, he  had  to  secure  railroad  connections  for  his  works — a 
sufficiently  difficult  and  costly  matter  by  itself.  And  when,  in 
1883,  his  first  mill  was  destroyed  by  fire,  it  seemed  as  if  he 
had  suffered  a  final  defeat.  But  this  catastrophe  proved  to  be 
a  blessing  in  disguise ;  for  by  that  time  the  merits  and  pros- 
pects of  his  undertaking  had  become  sufficiently  known  to 
command  financial  support;  and  he  had  the  opportunity  to  re- 
place the  old  works — a  heterogeneous  conglomeration  of  the 
results  of  successive  experiments  and  the  accretions  required 
by  successive  stages  of  growth — with  a  building  of  ample  capa- 
city, expressing  in  every  detail  his  matured  solution  of  the 
special  problem  which  he  had  so  long  and  thoroughly  studied. 
Mr.  Parsons  had  become  a  member  of  the  Institute  very 
early  in  its  history — in  1874;  and  in  1886,  in  connection  with 
the  second  St  Louis  meeting,  he  had  the  opportunity  to  wel- 
come at  Bonne  Terre  a  large  party  of  his  fellow-members,  and 
to  exhibit  to  them  his  completed  works,  in  successful  opera- 
tion. The  occasion  was  professionally  memorable.  The  visi- 
tors had  never  before  seen  a  mill  for  crushing  and  concentra- 
tion in  which  there  was  not  a  single  piece  of  overhead  shaft- 
ing— all  power  being  transmitted  from  below,  without  strain 
to  the  building*  Moreover,  Mr.  Parsons's  improvements  in 
concentrating-machinery  attracted  great  interest;  and,  above 
all,  his  bold  application  of  the  principle  of  jigging,  etc.,  with- 
out sizing,  challenged  a  lively  discussion,  which  may  be  found 
in  the  Transactions  of  the  Institute.  It  seems  to  have  been 
shown  that,  whether  his  system  was  suitable  for  general  ore- 
dressing  or  not,  it  worked  well  for  the  case  which  he  had  in 
hand,  and  which  was  not  complicated  by  the  presence  in 
troublesome  quantity  of  other  minerals  than  the  valuable 
galena,  and  the  worthless  limestone  through  which  it  was  dis- 
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seminated.  At  all  events,  be  made  it  pay ;  and  when,  in  1909, 
he  was  succeeded  as  manager  by  his  son,  the  company's  land 
bad  increased  to  more  than  20,000  acres;  its  seven  mines 
supplied  two  concentrating-mills,  each  of  the  capacity  of  1,500 
tons  daily ;  it  had  the  largest  lead-smelting  plant  in  the  Missis- 
sippi valley ;  it  annual  output  of  lead  exceeded  30,000  tons ; 
its  original  narrow-gauge  railroad  bad  been  replaced  with  75 
miles  of  first-class  standard-gauge;  it  had  built  the  three  model 
towns  of  Bonne  Terre,  Herculaneum,  and  Lead  wood;  besides 
paying  for  all  these  improvements,  it  had  distributed  more 
than  16,000,000  in  dividends;  and  its  assured  prospects  com- 
manded a  very  high  price  for  its  stock. 

Such  a  record  is  a  monument ;  and  we  cannot  be  surprised 
that  the  man  who  built  it  had  little  time  for  anything  else. 
Mr.  Parsons  made  no  contributions  to  the  TVansactions  of  the 
Institute,  of  which  he  was  a  member  for  35  years.  Yet  he  did 
the  next  best  thing,  by  throwing  open  to  its  members  at  all 
times  the  results  of  his  experience,  and  thus  indirectly  furnish- 
ing the  materials  for  many  a  professional  paper  to  which  he  did 
not  put  his  own  name.  A  hasty  glance  over  our  volumes  re- 
veals papers  by  Prof.  G.  C.  Broadhead  (v.,  100),  Prof.  C.  P. 
Williams  (v.,  314),  and  Prof.  H.  S.  Munroe  (xvii.,  564  and  637), 
the  data  for  which  must  have  been  derived,  either  through  the 
direct  contribution  or  by  the  cordial  permission,  of  Mr.  Par- 
sons; and,  in  addition  to  these,  there  are  other  contributions, 
discussing  the  practice  or  the  apparatus  introduced  by  Mr. 
Parsons,  and  evincing  the  wide-spread  professional  interest 
aroused  by  his  work. 

In  reviewing  the  careers  of  such  men,  I  am  often  tempted  to 
believe  that  there  is  a  natural  law,  according  to  which  retire- 
ment from  business  is  shortly  followed  by  retirement  from 
earthly  life  altogether.  Probably  the  truth  is,  that  our  labori- 
ous and  busy  "  captains  of  industry  "  cannot  bear  to  lay  down 
their  responsibilities  until  the  last  moment,  and  then  die  out  of 
harness,  as  they  would  have  died  in  harness  if  they  had  labored 
a  little  longer.  At  all  events,  Mr.  Parsons  died  at  his  resi- 
dence in  Riverside,  Mo.,  Jan.  28,  1910 — not  long  after  he  had 
retired  from  his  life-long  work,  and  before  he  had  had  oppor- 
tunity to  enjoy  the  period  of  honorable  ease  to  which  that  work 
so  fully  entitled  him. — R.  W.  R. 
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Harvey  A.  Shipman  was  born  in  1854  at  Waakan,  Wis.,  and 
received  a  college  education  in  that  State.  He  began  work  as 
a  mining  engineer  in  California,  where  he  had  charge  for  sev- 
eral years  of  the  Searles  properties.  In  1899,  he  was  called  to 
Colorado,  by  T.  A.  Bickard,  to  take  charge  of  Stratton's  Inde- 
pendence mines,  and  remained  in  that  position  under  the  sub- 
sequent management  of  John  Hays  Hammond.  In  1902,  he 
went  to  Australia  for  Messrs.  Bewick,  Moreing  &  Co.,  of  Lon- 
don, and  managed  some  of  their  Australian  properties,  at 
which  he  is  said  to  have  broken  the  record  for  economy  in 
mining  and  milling.  In  1905,  he  returned  to  Denver,  Colo., 
and  engaged  in  general  practice  as  a  consulting  engineer.  In 
1908,  he  consented  to  take  charge  of  a  mine  in  West  Africa, 
where  he  contracted  the  fever  from  which  he  never  fully  re- 
covered. Returning  to  this  country  broken  in  health,  he  died 
at  Denver,  Jan.  3,  1910.  He  had  been  a  member  of  the  Insti- 
tute since  1899. 

William  H.  Singer  was  born  Oct.  2,  1836,  at  Pittsburg,  Pa., 
and  educated  in  the  public  schools  and  the  Western  University 
of  that  city.  As  a  youth,  he  entered  the  employ  of  Q.  &  J.  H. 
Schoenberger  &  Co.,  who  had  begun  in  1833  the  manufacture 
of  blister-steel  in  Pittsburg.  A  few  years  later,  he  became  a 
member  of  the  firm  of  Singer,  Nimick  &  Co.,  which  had  been 
organized  as  Singer,  Hartman  k  Co.  in  1848,  by  his  oldest 
brother,  Mr.  John  Singer,  and  which,  as  early  as  1853,  was 
already  manufacturing  crucible  cast-steel  of  high  grade  (see 
paper  of  William  P.  Shinn,  "  Pittsburg,  Its  Resources  and  Sur- 
roundings," Trans.^  viii.,  18).  In  1860,  he  became  the  head 
of  the  firm,  and  retained  that  position  until,  in  1900,  the  con- 
cern was  absorbed  in  the  Crucible  Steel  Company  of  America, 
of  which  he  was  a  director  until  his  death,  Sept.  5,  1909, 
Mr.  Singer  was  also  one  of  those  who  organized  the  Pittsburg 
Bessemer  Steel  Co.,  which  built  the  Homestead  Steel  Works, 
and,  after  these  works  were  purchased  by  Andrew  Carnegie, 
served  as  a  director  of  the  Carnegie  Steel  Co. 

In  the  course  of  his  practical  business  experience,  Mr.  Singer 
made  several  inventions  of  value,  for  some  of  which  he  received 
U.  S.  patents.  Among  these  was  the  "  rolling  coulter  machine," 
now  universally  employed  for  rolling  the  bevel  on  plow-coul- 
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ters  and  harrow-disks;  and  also  a  method  of  compressing  the 
liquid  steel  ingots  designed  for  the  manafacture  of  circular  saws, 
whereby  the  seams  liable  to  occur  on  the  teeth,  which  caused 
split  teeth,  were  eliminated.  Additional  patents  relating  to 
the  manufacture  of  plow-steel,  etc.,  were  very  valuable  to 
Singer,  Nimick  &  Co.,  and  other  licensees. 

Mr.  Singer  was  a  life-long  resident  of  Pittsburg,  and  influen- 
tial in  its  social,  religious,  charitable,  and  municipal  aftairs. 
He  was  one  of  those  leaders  of  American  metallurgical  industry 
who  recognized  the  importance  of  this  Institute,  and  gave  to  it 
their  cordial  support,  at  a  time  when  such  support  was  essen- 
tially needed.  He  became  a  member  in  1878,  when  the  young 
society  numbered  about  200,  and  when  such  names  as  his  were 
not  only  potent  aids  to  its  further  growth,  but  promises  of  that 
cordial  co-operation  between  the  theoretical  students  of  mining 
and  metallurgy,  and  the  practical  managers  of  mining  and 
metallurgical  operations,  to  which  the  usefulness  of  the  Insti- 
tute has  been  so  largely  due.  And  he  supported  us  to  the  last 
in  the  same  loyal  spirit  in  which  he  joined  us  at  the  beginning. 
— R.  W.  R. 
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Application  of  Descriptive  Geometry  to  Mining-Problems. 

BY  JOSEPH  W.   ROE,*  NEW  HAVEN,  CONN. 
(Pittsbuig  Meeting,  March,  1910.) 

Mant  questions  arising  in  the  work  of  the  mining  engineer 
may  be  solved  quickly  and  with  sufficient  accuracy  by  the 
methods  of  descriptive  geometry ;  but,  unfortunately,  this  sub- 
ject is  more  often  considered  from  a  mathematical  view-point 
than  as  an  effective  tool  for  solving  practical  problems.  Some 
of  the  principles  involved  are  merged  into  the  ordinary  opera- 
tions of  mechanical  drawing,  and  are  used  unconsciously  by 
the  engineer  in  his  every-day  work.  The  rest  are  stowed  away 
on  the  book-shelf  with  his  forgotten  or  rarely-used  college 
text-books.  One  reason  for  this  condition  of  "innocuous 
desuetude  "  may  lie  in  the  unfortunate  and  often  cumbersome 
notation  which  it  has  been  found  necessary  to  introduce.  If 
some  of  these  principles  can  be  recalled  to  the  engineer's  at- 
tention in  terms  of  every-day  use  they  may  prove  of  practical 
bearing. 

Recently,  in  talking  with  several  mining  engineers,  I  used 
some  of  the  drawing-room  methods  of  a  machine-designer,  to 
the  evident  surprise  of  those  around  me.  These  men  were 
perfectly  familiar  with  the  methods,  but  their  application  to 
mining-work  had  not  occurred  to  them.  At  their  suggestion 
the  present  paper  is  offered,  not  in  any  way  as  a  treatise,  but 
merely  to  suggest  a  certain  point  of  view,  in  hope  that  it  may 
lead  others  far  more  familiar  with  mining.problems  to  pursue 
the  subject  further. 

I.  To  Find  the  Strike. 

As  the  simplest  and  most  fundamental  problem,  let  it  be  re- 
quired to  find  the  strike  of  a  vein  when  the  location  and  eleva- 
tion of  three  points  on  the  outcrop  are  known.  It  will  be  as- 
sumed for  the  present  that  the  vein  is  a  plane. 

*  Sheffield  Scientific  School,  Yale  Univenity. 
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C— Elev.  ^ao 


Fig.  2. 


In  Fig.  1  let  .4,  By  and  C  be  three  points  on  an  outcrop, 
their  elevations,  as  found  by  observation  or  shown  by  contour- 
levels,  being  as  noted.  Connect  A  and  B,  B  and  C,  giving  the 
plan-view  of  two  lines  lying  in  the  plane  of  the  vein.  If  a  side- 
view  be  drawn,  as  shown  beneath  the  plan,  ^,£,  and  Cwill 
appear  as  Ay^  B^,  and  CV  (the  v-subscript  indicating  a  vertical 
projection),  and  a  horizontal  plane  through  A  will  appear  as  a 
horizontal  line  through  A^,  i)v,  where  the  line  By  Cy  cuts  the 
plane,  is  the  side-view  of  a  point  in  the  vein  on  the  same  level 
as  A.  Projecting  up  to  the  line  BC^  this  point  appears  in  the 
plan-view  at  D.  Two  points  in  the  plan-view,  such  as  A  and 
Z),  on  the  same  level  and  both  in  the  vein,  determine  the 
strike.    A  saving  in  line-work  might  be  made  by  drawing  the 
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line  representing  the  side-view  of  the  horizontal  plane  through 
A  itself  instead  of  through  its  projection,  A^^  using  the  same 
construction  otherwise.  It  is  clearer,  for  the  present  purpose, 
to  show  the  side-views  separately  instead  of  partly  super- 
imposed. 

K  a  point  on  the  outcrop  at  the  same  level  as  A  can  be 
located,  as  C,  the  line  from  J.  to  C  will  at  once  give  the 
strike.  A  third  point,  5,  will,  however,  be  necessary  to  deter- 
mine the  dip,  as  a  plane  cannot  be  located  with  less  than  three 
points. 

II.  To  Find  the  Dip. 

Having  found  the  strike,  take  a  side-view  of  the  vein  look- 
ing up  the  strike-line.  The  points  A,  B^  C,  and  D  and  the 
plan-view  will  appear  as  shown.  The  line  through  B'v,  C'y, 
etc.,  Fig.  2,  is  the  edge-view  or  end-projection  of  the  vein,  and 
the  dip  is,  of  course,  the  angle  included  between  this  and 
the  horizontal  plane. 

The  dip  might  also  be  found  by  passing  a  vertical  project- 
ing-plaue  through  B  perpendicular  to  the  line  of  strike,  and 
then  revolving  the  line  of  intersection  of  this  plane  and  the 
vein  into  the  plane  of  the  paper.  This  is  the  characteristic 
method  of  descriptive  geometry,  but  when  the  engineer  wants 
to  detail  some  part  which  stands  at  odd  angle  with  the  rest  of 
his  drawing,  as,  for  instance,  a  hand-hole  plate  or  a  sky-light, 
he  does  not  adhere  rigidly  to  his  right-angled  projections,  but 
draws  an  oblique  view  looking  squarely  at  the  detail,  showing 
it  directly  and  giving  the  dimensions  without  any  troublesome 
revolvings.  By  taking  a  side-view  up  the  line  of  strike  many 
problems  which  otherwise  might  be  troublesome  are  reduced 
to  the  very  simplest  terms.  As  examples  of  this  take  the  fol- 
lowing : 

III.  Depth  of  a  Shaft. 

.  Given  the  points  on  an  outcrop  as  before,  how  deep  must  a 
shaft  be  sunk  at  some  point,  S^  to  strike  the  vein  ? 

The  strike  and  dip  having  been  found,  we  have  the  side-ele- 
vation of  the  vein,  as  shown  in  Fig.  8.  The  point,  5,  from 
which  the  shaft  is  to  be  sunk  appears  as  Sy  at  its  proper  eleva- 
tion, and  the  depth  of  the  shaft  is  obtained  at  once  by  scaling 

S^  Eyf, 
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IV.  Length  of  a  Tunnel. 

Suppose  it  is  proposed  to  drive  a  tunnel  with,  say,  a  5-per 
cent,  upgrade  from  some  point,  2,  Fig.  4,  to  the  vein.  Where 
will  it  hit  the  vein,  how  long  will  it  be,  and  what  will  be  its 
bearings  ? 

Find  the  strike  and  side-view.  Project  the  point  1  to  7y. 
Draw  a  line,  TV  J!f,  parallel  to  the  horizontal  plane,  and  7^  N^ 


^S-Elev.88W' 


Fig.  3. 


making  an  angle  with  1^  M  corresponding  to  the  grade. 
7v  jFV  is,  to  scale,  the  length  required.  '  In  the  plan-view  it  is 
obvious  that  the  tunnel  will  appear  at  right  angles  to  the  strike, 
which  gives  at  once  the  bearing-angle.  Project  jFV  up  to  meet 
this  line,  as  at  F,  and  we  have  the  plan-view  of  the  point  of  in- 
tersection of  the  tunnel  and  the  vein.  The  elevation  of  F 
may  be  obtained   by  trigonometry,  or  more  simply  still  by 
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scaling  the  difference  in  level  between  Fj,  and  the  horizontal 
plane  through  A^, 

V.  Location  of  a  Tunnbl. 

Let  Ay  Fig.  5,  be  the  mouth  of  an  inclined  shaft  and 
1,  2,  and  8  be  drifts  from  it,  both  shaft  and  drifts  following 
the  vein.  ^  is  a  vertical  prospecting-shaft  of  a  certain  depth 
on  an  adjoining  property.     What  will  be  the  direction  and 

N 


* 


w- 


T-Elev.  8160' 


/ 


JP-Elev.  SIT^ 


Fig.  4. 


length  of  the  shortest  drift  from  the  bottom  of  B  to  pick  up 
the  vein  and  still  keep  on  the  "-B  *'  side  of  the  line  ? 

The  drifts  1,  2,  and  3  are  presumably  horizontal,  and  since 
they  lie  in  the  vein  they  are  parallel  to  the  strike.  In  the  end- 
view  they  will  appear  as  ly^  2v,  3v,  and  will  determine  the  end- 
view  of  the  vein,  the  vertical  shaft,  -B,  appearing  at  B^  B\, 
A  horizontal  line  from  B\  will  cut  the  vein  at  Cy.     The  line 
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^F  through  CV,  parallel  to  the  levels,  is  the  plan-view  of  the 
intersection  of  the  vein  and  a  horizontal  plane  through  By^  and 
any  horizontal  drift  from  B\  must  intersect  the  vein  some- 
where along  this  line.  In  the  plan-view  the  shortest  drift 
would  he  B  C  But  B  C  would  run  out  of  the  property. 
BC  therefore  would  be  the  limiting  position  of  the  drift  to 
have  it  entirely  on  the  "J5  "  side  of  the  line. 


.-EE2E2S£^Line 


^^  jB-Elev.  iiao' 


Fig.  5. 


VI.  To  Find  the  Bearings  op  a  Shoot. 

Suppose  we  wish  to  find  the  bearings  of  a  shoot  in  the  vein 
ABC  of  Figs.  1  to  4.  Let  the  shoot  appear  on  the  outcrop 
at  B,  Fig.  6,  and  have  a  pitch  of  19°  down  towards  the  NE. 

A  side-view  of  the  point  B  will  show  By  140  ft.  above  the 
level  of  A,  Any  line  through  B  with  a  pitch  of  19®  from  the 
horizontal  must  cut  the  level  of  ^  at  a  distance  of  mn  from  the 
foot  of  the  perpendicular  through  By,  All  points  in  the  vein 
on  the  same  level  as  A  lie  somewhere  along  the  strike-line. 
With  £  as  a  center  and  mn  as  a  radius  swing  the  arc  XX,  cut- 
ting the  strike-line  at  some  point,  S.     Connecting  B  and  5,  we 

[6] 


APPLICATION    OF   GBOMETBY   TO   MINING-PROBLEMS. 


179 


have  the  bearing  of  the  Bhoot.  In  the  case  shown  we  would 
expect  the  shoot  to  reappear  on  the  outcrop  at  T.  This  con- 
struction might  be  used  to  locate  a  possible  reappearance  of  a 
shoot  in  rough  country  overgrown  with  underbrush. 

A  somewhat  similar  construction  would  give  the  bearing  of 
a  drift,  lying  in  an  inclined  vein  and  itself  inclined  at  some 
grade  angle,  say  10  per  cent.  Lay  off  to  scale  in  an  end-view 
a  parallel  10  ft.  above  a  horizontal  through  Ay,  Project  Dy, 
the  intersection  of  the  parallel  with  the  vein,  to  intersect  an 
arc,  yy^  of  100  ft.  radius  swung  from  -4,  as  at  D.  AD  is  the 
bearing  desired. 

N 


Fig.  6. 


VII.  To  Find  the  Thickness  op  a  Vein. 

Given  the  outcrop  and  dip  of  the  hanging-  and  foot-wall, 
how  thick  is  the  vein  and  what  is  the  strike? 

Case  1. — ^Let  the  side-wall  be  vertical.  Let  the  outcrops  be 
as  shown  in  the  side-view  of  Fig.  7,  their  intersections  with 
the  ground  or  other  horizontal  plane  being  Ay  and  £7.  In  the 
plan  the  side-wall  appears  as  aline.  Project  A^  and  B^  to  A 
and  B.  Draw  any  line,  yy,  cutting  the  walls  at  CV  and  Dy. 
Through  Cy  and  Dy  draw  CyU  and  Dy/ii,  making  the  given 
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dip  angle  with  the  horizontal.  The  perpendicular  distance 
between  these  lines  ia  the  thicknesB  of  the  vein.  The  Btrike 
would,  of  couree,  be  perpendicular  to  the  direction  in  which  the 


dip  ia  measured.     A  constmction  giving  it  mofe^- accurate] j 
would  be  as  follows :   Any  plane  through  CV  having  the  given 


dip  angle  must  cut  the  horizontal  plane  at  a  distance  mn  from 
m.    With  Cas  a  center  and  mn  aa  a  radius  swing  the  arc  XT. 

[S] 
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The  strike-line,  AA\  passes  through  A  tangent  to  XX.  BB'  is 
parallel  to  AA'y  or  it  may  be  found  in  the  same  manner  as  AA'. 
Case  2. — ^Let  the  surface  be  irregular,  as,  for  instance,  in 
Fig.  7A.  Let  the  location  and  elevation  of  A  and  B  and  the 
angle  and  direction  of  dip  be  as  shown.  Draw  a  projection- 
line,  yy,  perpendicular  to  the  direction  of  dip.  Draw  any  line, 
^^,  perpendicular  to  yy.  Letting  Ay  be  the  side-view  of  Ay  lay 
ofi  the  dip  angle  as  shown.  Lay  ofi  B^  on  a  projecting-line 
parallel  to  yy  at  a  distance  of  80  ft.  below  zz.  Through  B^ 
draw  By  m  parallel  to  ^y  n.  The  perpendicular  distance  be- 
tween these  lines  is  the  thickness  of  the  vein. 

VIIL  To  Find  the  Limits  of  an  Ore-Dump. 

Given  the  location  of  a  shaft  or  tunnel,  A^  Fig.  8,  on  a  cer- 
tain contour-level  as  shown,  to  find  the  outer  limits  of  a  dump 
formed  by  filling  in  on  a  level  with  A  for  a  certain  radius,  say 
200  ft. 

With  j1  as  a  center  and  AD  =  200  ft.  swing  an  arc,  B  (7,  cutting 
the  contour-level  of  j1  at  J5  and  C.  The  area  between  this  arc 
and  the  contour  through  A  is,  of  course,  the  top  of  the  dump. 
Between  B  and  C  the  side  of  the  dump  will  extend  down  hill 
a  varying  distance,  depending  on  the  angle  of  rest  of  the 
material  and  the  contour  of  the  surface.  Draw  an  auxiliary 
view  showing  a  vertical  section  of  the  face  of  the  dump.  The 
sloping  side  appears  as  the  indefinite  line,  Dy  J^,  at  an  angle 
equal  to  that  at  which  the  material  "hangs  up,"  say  40®.  Draw 
a  series  of  levels,  aa',  bb'^  etc.,  corresponding  to  the  contour- 
lines  of  the  map,  and  to  the  same  scale. 

The  side  of  the  dump  is  a  portion  of  a  cone,  with  a  vertical 
line  through  A  as  its  axis.  The  top  of  the  dump  and  the 
various  levels,  being  parallel  planes,  cut  the  cone  in  a  series  of 
circles  concentric  with  the  axis.  All  points  on  the  surface  of 
the  ground  at  an  elevation  of  980  ft.  lie  on  the  980-ft  contour- 
line,  and  all  points  on  the  face  of  the  dump  at  980  ft.  elevation 
lie  on  an  arc  concentric  with  BCy  and  having  a  radius  aa^ 
greater  than  that  of  the  top.  Wherever  this  arc  meets  the  980- 
ft.  contour,  as  at  1,  1,  there  is  a  point  on  both  the  face  of  the 
dump  and  the  surface  of  the  ground.  The  remaining  points, 
as  2,  2,  etc.,  may  be  located  by  swinging  the  arcs  from  A  or 
by  measuring  the  increase  in  the  radius,  as  66^,  etc.,  out  from 
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Fig.  8. 
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the  arc  BC,  to  cut  the  proper  contour-line.  Connecting  the 
series  of  points  so  located,  we  have  the  completed  outline  of 
the  dump. 

There  may  be  places  where  the  edge  does  not  cross  a  contour 
for  some  distance.  Any  uncertainty  as  to  its  location  may  be 
cleared  up  by  interpolating  on  the  ground  and  on  the  face  of 
the  dump,  as  shown  on  the  shoulder  of  the  knoll. 

With  the  limits  located  and  the  surface-contours  on  the  face 
drawn,  calculation  of  the  tonnage  becomes  a  mere  matter  of 
mensuration.  The  area  of  the  dump  at  each  level  is  readily 
obtained  from  the  contours  with  a  planimeter.  Each  area  will 
be  bounded  by  a  circular  arc  along  the  face  of  the  dump  and 
the  corresponding  irregular  contour-line  where  the  dump  is  in 
contact  with  the  ground.  The  volume  of  each  layer  may  be 
found  by  the  end-area  method  or  by  the  prismoidal  formula. 

IX.  Ore-Dump  on  a  Propbrty-Linb. 

In  practice  the  problem  might  easily  occur  in  the  reverse 
form.  Given  a  point,  -4,  Fig.  9,  from  which  it  is  desired  to  fill, 
and  a  property-line,  XXX.  How  much  tonnage-capacity  is 
there  available  in  filling  out  to  the  line  and  extending,  say,  200 
ft.,  as  before,  wherever  the  property-line  is  not  encountered  ? 
In  the  previous  case  the  upper  edge  of  the  dump  was  regular 
and  the  outer  one  irregular.  In  this,  the  limits  of  a  portion  of 
the  out^r  edge  are  set  by  the  property-line,  and  the  upper  edge 
will,  in  consequence,  be  irregular. 

As  before,  we  have  the  crest  of  the  dump  starting  out  from 
B  and  (7,  Fig.  9,  the  two  points  on  the  contour  through  A  at 
the  given  limiting  distance  of  200  ft.  For  a  short  distance  the 
crest  will  be  circular,  with  its  center  at  A^  and  the  outer  edge 
will  be  found  as  before.  It  is  evident,  however,  that  the  crest 
cannot  swing  out  far  before  the  property-line  is  encountered. 
To  determine  the  side  of  the  dump  where  it  is  aflfected  by  the 
side-line  we  may  proceed  as  follows  :  Draw  an  auxiliary  side- 
view.  The  level  of  the  top,  990  ft,  appears  as  shown,  also  the 
side  of  the  dump  and  the  parallels  corresponding  to  the  con- 
tour-levels of  the  map.  For  any  points  on  the  property-line, 
such  as  a  and  a',  which  are  on  the  890-ft.  level,  it  is  evident 
that  a  vertical  projection  of  the  crest  cannot  come  within  the 
distance  mn  of  a  or  a'  without  having  the  dump  over-run  the 
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Fig.  9. 
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eide-line.  From  q,  and  a^,  then,  swing  arcs  with  mn  as  a  radius. 
These  arcs  limit  the  position  of  the  crest  so  far  as  a  and  a'  are 
concerned.  Similarly,  for  b  and  6'  on  the  900-ft.  level,  arcs  swung 
with  m'n'  as  a  radius  locate  the  crest  so  far  as  b  and  b^  are  con- 
cerned. Continuing  this  process  for  the  intersection  of  each 
contour-line  and  the  property-line,  we  obtain  a  series  of  arcs. 
The  innermost  arc,  or  the  one  towards  the  uphill  side,  limits  the 
crest.  Drawing  a  fair  line  tangent  to  the  inside  arcs,  we  have 
the  crest  EFO.  An  arc  not  used,  such  as  that  from  c,  indicates 
that  as  far  as  c  is  concerned  the  crest  might  come  out  to  that 
arc ;  but  the  position  of  that  from  (/,  further  in,  shows  that 
before  the  material  could  be  filled  out  to  the  outer  arc  it  would 
be  over-running  at  d. 

While' the  line  EFG  is  the  farthest  limit  to  which  the  crest 
can  be  carried,  it  does  not  follow  that  the  foot  of  the  dump  will 
run  out  to  the  property-line  at  all  points.  For  instance,  with 
the  material  falling  away  at  an  equal  angle  on  all  sides,  it  is 
evident  that  F  cannot  be  pushed  out  far  enough  to  cover  the 
extreme  corner  without  over-running  on  both  sides.  A  portion 
of  the  corner  and  also  any  high  points,  such  as  those  opposite 
E  and  6r,  will  remain  uncovered.  The  outline  of  the  base  is 
obtained,  as  in  Fig.  8,  by  measuring  out  a  distance  from  the 
crest  equal  to  that  from  the  vertical  in  the  auxiliary  view  to  the 
intersection  of  the  sloping  side  of  the  given  level.  Thus,  to 
locate  the  point  e  on  the  940-ft.  contour,  cut  that  contour  with 
an  arc  swung  from  F  with  a  radius  equal  to  m"n'\  etc. 

The  contour-levels  on  the  side  of  the  dump  corresponding  to 
those  of  the  ground  will  be  a  series  of  equidistant  lines,  the  dis- 
tance between  them  being  equal  to  the  diflference  between  the 
successive  lines  m'n',  mn,  etc.,  in  the  auxiliary  figure.  Wher- 
ever the  dump-contour  and  the  ground-contour  for  the  same 
level  intersect  there  is  a  point  on  the  outer  edge  or  foot  of  the 
dump. 

X.  Location  of  Ridge  for  Maximum  Capacity. 

If  it  is  desired  to  store  a  maximum  tonnage  on  a  given  space 

the  ore  must  rise  from  the  boundary-line  on  all  sides  at  the 

angle  of  rest  of  the  material.     If  the  ground  is  level  the  sides 

will  meet  in  a  point  for  a  square  or  round  area,  in  a  straight 

horizontal  ridge  for  a  rectangular  area,  and  in  a  straight,  in- 
ns] 
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dined  ridge  for  an  area  bounded  by  non-parallel  straight  sides. 
When,  however,  the  ground  is  broken  and  irregular,  as  is  gen- 
erally the  case,  the  sloping  sides  will  no  longer  be  plane  surfaces, 
and  will  meet  in  a  sloping  and  irregular  crest.  It  is  an  advan- 
tage to  locate  this  crest  in  advance,  for  it  is  only  when  the  ma- 
terial is  deposited  along  this  line  that  the  maximum  storage- 
capacity  of  the  ground  is  utilized.  This  crest,  then,  would 
indicate  the  proper  location  for  a  dumping-trestle,  for  material 
can  be  filled  in  along  this  line  until  it  begins  to  over-run  on 
both  sides  at  the  same  time. 

Let  it  be  desired  to  cover  the  tract  shown  in  Fig.  10,  from 
some  point,  such  as  F^  on  the  upper  side.  Locate  F  and  the 
course  of  a  dumping-trestle  from  which  the  entire  tract  may  be 
filled  in.  Use  the  auxiliary  side-view  as  before  and  work  in  from 
the  boundary-lines,  the  first  radii  being  mn,  as  at  ^,  B^  (7,  the 
second  m'n\  etc.  Here  every  fifth  line  is  used,  and  the  inter- 
mediate ones  are  filled  in  only  along  the  crest  where  they  are 
needed.  The  construction  used  will  be  clear  to  one  who  has 
followed  the  previous  two  problems.  A  contour  on  the  dump, 
starting  from  (7,  would  pass  J3  at  a  distance  of  mn  away,  and 
would  pass  ^  at  a  distance  of  m'n'  away,  etc.  The  dump-con- 
tours located  from  each  side  will  be  found  to  intersect  along  a 
broken  line,  FHG^  which  is  the  crest.  This  line  is  the  theo- 
retical course  for  a  trestle  and  may  be  adhered  to  as  closely  as 
is  deemed  desirable.  A  slight  spur  would  have  to  be  run  to 
the  left  from  a  little  below  if  as  far  as  I  to  fill  in  the  left;-hand 
comer  completely,  but  the  capacity  gained  would  hardly  justify 
the  expense. 

XL  To  Plot  the  Outcrop  of  a  Vein,  which  May  be 
Considered  as  a  Plane  Surface. 

Descriptive  geometry  methods  may  be  used  to  determine  the 
probable  outcrop  of  a  vein.  First,  let  the  vein  be  free  from 
faults  and  foldings,  and  the  strike  and  dip  be  known  for  some 
definite  position,  as  -4  in  Fig.  11.  Draw  an  end-view  looking 
up  the  strike-line.  For  convenience,  let  this  end-view  be 
drawn  with  the  line  JCX  through  A  perpendicular  to  the  strike 
as  the  horizontal  plane  through  A.  Let  the  series  of  lines 
parallel  to  JCJC  be  the  end-views  of  the  horizontal  planes  cor- 
responding to  the  contour-lines  of  the  map.     If  a  number  of 
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parallel  planes  be  cut  by  a  common  secant  plane,  the  resulting 
intersections  form  a  series  of  parallel  lines.  The  lines  aa',  bb\ 
etc.,  projected  up  from  the  intersection  of  the  vein  and  the 
various  levels,  are  in  reality  the  contour-levels  for  the  vein^ 

r 


Fig.  10. 

which  in  this  case  become  a  series  of  parallel  lines.  Wherever, 
therefore,  the  line  AA^  and  the  710-ft.  surface-contour  cross, 
we  have  a  point  in  the  vein  and  on  the  surface  of  the  ground; 
that  is,  on  the  outcrop.      Similarly,  the  intersections  of   the 
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line  aa'  and  the  700-fC.  contour  give  points  on  the  outcrop.  By 
locating  theae  intersectione  for  each  level  and  connectjng  them 
up  we  have  the  outcrop.  This  method  can  be  used  only  for 
comparatively  small  areaa  where  the  vein  may  be  considered 
as  a  plane  surface.  When  the  vein  is  faulted  to  any  great  ex- 
tent the  treatment  becomes  complicated,  so  much  ao  as  to  pre- 
clude its  consideration  in  this  paper.  When  the  vein  is  con- 
tinuous but  folded,  as,  for  instance,  a  coal-seam,  a  method  of 


determining  the  outcrop  may  be  nsed,  which  is  illuBtrated  in 
Figs.  12  to  12B. 

XII.  To  Dbtsrmink  thb  Outcrop  of  a  Folded  Vbih 
OK  Seam. 
Let  Fig.  12  be  a  contour-map  of  an  area  on  which  an  irregu- 
lar outcrop  has  been  partly  located,  as,  for  instance,  at  the  sta- 
tions marked  with  an  X.  At  varioua  other  points,  aa  6,  9,  11, 
19,  drill-holes  have  been  sunk  and  the  seam  located  at  the 
depths  noted.  The  form  of  the  folded  seam  may  be  deter- 
mined if  we  can  establish  its  contour-lines  corresponding  to 
those  on  the  surface,  and  where  these  seam-contours  intersect 
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those  of  the  surfage  of  equal  elevation  we  have  points  on  the 
outcrop. 


Fig.  12. 


•  For  the  sake  of  clearness,  we  will  gather  all  the  inforfnation 
available  into  a  separate  illustration,  Fig.  12  A.  This  gives  us 
stations  1  to  19,  with  the  elevations  of  the  surface  of  the  seam 
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for  each,  as  noted.    A  general  inspection  shpws  that  there  is  a 
syncline  near  the  middle  of  the  tract,  the  depression  running 


FiQ.  12A. 

NE-8W.,  since  stations  8,  9,  10,  11,  12,  13  are  all  at  nearly 
the  same  level.    Assuming,  for  a  start,  that  the  dip  from  the 
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higher  pointB,  as  16, 17, 18,  etc.,  towards  the  depression  is  aub- 
Btantially  constant,  lines  may  be  drawn  connecting  the  stations, 


and  the  elevations  at  the  contour  intervals  may  be  interpolated, 
ae  on  lines  18-16  and  13-18.     Where  necessary  the  levels  may 
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be  extrapolated,  as  on  the  extensions  of  lines  8-16  and  12-18, 
but  points  so  located  are,  of  course,  not  so  reliable  as  the  inter- 
polations. They  aid,  however,  in  obtaining  the  general  direc- 
tion of  the  contours,  and  as  the  seam  has  been  eroded  at  these 
points  great  accuracy  is  not  needed. 

In  this  way  a  series  of  points  of  equal  elevation  are  obtained 
for  both  sides  of  the  depression.  The  auxiliary  lines,  such  as 
12-18  and  9-16,  which  are  substantially  perpendicular  to  the 
depression,  will  be  steeper,  cross  more  contours,  and  give  more 
reliable  interpolations  than  lines  more  nearly  parallel.  In  in- 
terpolating with  these  lines  care  should  be  used  that  they  con- 
nect stations  on  the  same  side  of  the  depression,  as,  for  instance, 
11-17.  Station  12  is  probably  on  the  same  side  as  17,  but  11 
may  be,  and  in  fact  is,  on  the  other  side.  This  may  be  deter- 
mined as  follows:  The  points  on  the  650-  and  660-ft.  levels 
line  up  well  except  those  marked  with  a  cross-bar  on  lines  11- 
17  and  7-12.  Rejecting  these  two  sets  and  connecting  the 
others,  we  have  the  broken  lines  ab  and  ac,  which  give  the 
general  location  of  two  650-ft.  contours.  Assuming  that  the 
trough  lies  midway  between  these  lines,  wq  obtain  the  dotted 
line  ad  as  its  location.  If  now  we  take  a  new  point,  11', 
on  the  opposite  side  of  ad  and  at  the  same  distance  from  it, 
and  interpolate  the  line  ll'-17,  we  obtain  points  agreeing  well 
with  the  others.  In  like  manner,  a  new  set  of  elevations  may 
be  obtained  for  the  lines  7-12,  8-16,  and  6-10. 

Connecting  the  various  points  of  equal  elevation  by  curves, 
we  obtain  seam-contours,  as  shown  in  Fig.  12  A.  If  these  seam- 
contours  of  Fig.  12A  be  superimposed  on  the  surface-contours 
of  Fig.  12,  we  will  have  a  series  of  points  where  contours  of 
equal  elevation  intersect,  which  will  determine  the  irregular 
outcrops,  ABCD  and  EF  oi  Fig.  12B.  The  shaded  portions 
indicate  the  areas  under  which  the  seam  lies.  Elsewhere  it 
has  weathered  away.  The  probable  depth  of  the  seam  at  any 
point  may  be  obtained  by  subtracting  the  elevation  of  the  seam 
from  that  of  the  surface,  as  indicated  by  the  respective  con- 
tours for  that  point.  For  instance,  at  G  the  depth  is  690  ft. 
less  655  ft.,  or  85  feet. 

The  value  of  this  contour-method,  where  the  outcrop  is  over- 
grown or  obscured  by  soil,  is  obvious.  An  excellent  example 
of  its  application  will  be  found  in  the  Masontown  Folio  of  the 
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TT.  S.  Geological  Survey,  where  structure-contours  have  been 
drawn  on  the  upper  surface  of  the  Pittsburg  coal-seam,  showing 
its  elevation  above  sea-level.  Over  large  portions  of  this  area 
the  coal  has  been  eroded.  Where  observations  were  obtainable 
a  stratum  was  observed  to  maintain  a  substantially  constant  in* 
terval  below.  This  lower  stratum  was  but  little  eroded,  and 
was  used  to  obtain  the  theoretical  position  of  the  eroded  portion 
of  the  coal-seam.  A  number  of  hills,  high  enough  to  pierce 
the  seam  thus  located,  were  found  to  contain  portions  where  its 
presence  would  not  otherwise  have  been  suspected.  This  indirect 
method  of  using  parallel  strata  was  also  utilized  where  the  seam 
lay  too  deep  for  observation  direct,  in  this  case  the  stratum 
being  above  the  seam. 


:::*f* — Z^:^ 


Fig.  13. 


Fig.  13  illustrates  how  parallel  strata  may  be  used  to  cor- 
roborate and  supplement  direct  data.  This  use  of  parallel  strata 
has  been  described  by  M.  R.  Campbell  ^ 

The  direct  data  of  the  upper  section.  Fig.  13,  give  only 
three  points  on  the  seam,  which  is  everywhere  obscured  or 
eroded.  If  the  intervals  between  I.  and  II.  and  II.  and  III.  in 
the  columnar  section  be  established,  and  if  I.  and  III.  be  located 
at  various  outcrops,  as  shown  in  the  lower  section,  then  the  in- 
tervals may  be  set  off  from  these  outcroppings,  and  will  greatly 
increase  our  information  on  the  surface  to  be  contoured. 


*  2Van».,  xxvi.,  298  (1896). 
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Professional  Ethics. 

BT  YIOTOB  G.  HILLS,  DENVER,  COLO. 
(Pittsburg  Meeting,  March,  1910.) 

This  paper  comprises  suggestions  on  certain  points  rather 
than  a  complete  survey  of  the  whole  subject  In  other  words, 
it  is  a  contribution  to  the  general  discussion  invited  by  John 
Hays  Hammond  in  his  paper,  presented  as  a  Presidential  ad- 
dress at  the  Chattanooga  meeting  of  the  Institute,  in  October, 

1908.' 

Mr.  Hammond  says,  in  conclusion : 

"  .  .  .  I  am  not  offering  a  code,  or  even  an  official  and  representative  dec- 
laration of  principles.  My  remarks  are  intended,  and  will,  I  hope,  be  accepted, 
simply  as  a  contribution  to  that  discussion  of  their  theme  in  which  every  engineer 
of  experience  may  participate." 

Such  a  discussion  has  been  conducted  in  technical  journals, 
as  well  as  in  contributions  to  the  TVansactions  of  the  Institute ; 
and,  in  the  remarks  here  offered,  I  shall  have  occasion  to  refer 
the  reader  to  what  I  have  thus  published  elsewhere,  for  more 
extended  statements  of  my  views. 

What  Mr.  Hammond  says  about  loyalty  to  employers,  the 
double  capacity  of  the  engineer  as  an  employer,  the  expert  wit- 
ness, commissions  on  machinery,  the  statement  that  most 
swindling  is  done  by  laymen  and  not  by  engineers,  duty  to 
the  investing  public,  and  the  engagement  of  local  engineers  as 
colleagues,  it  is  a  pleasure  to  indorse.  Under  the  head  of  the 
expert  witness,  Mr.  Hammond  refers  to  the  address  of  Dr. 
R.  W,  Raymond  on  Professional  Ethics  in  the  Proceedings  of 
the  American  Institute  of  Electrical  Engineers  for  November, 
1906.  This  paper  contains  so  much  else  that  is  relevant  to 
this  discussion  that  it  is  a  temptation  to  make  extensive  quo- 
tations from  it;  but  I  will  refrain  from  doing  so,  hoping  that 
the  paper  may  be  reprinted  by  the  Institute. 


1  Bi'MorUhly  Bulletin,  No.24,  November,  1908,  p.  1171,  and  Trans.,  xxxit.,  620. 

[1] 


196  PROFESSIONAL   ETHICS. 

Mr.  Hammond's  "  expert^s  Golden  Rule  " — "  Tell  unto  others, 
now,  whatsoever  you  would  not  have  them  tell  on  you  (with 
unjust  misunderstanding  and  scandalous  comment)  hereafter," 
is  magnificent.  Dr.  Baymond  puts  the  same  idea  in  the  epi- 
grammatical  form  :  "  Do  not  do  what  you  cannot  tell."  Both  of 
these  might  be  hung,  as  illuminated  mottos,  on  the  wall  of  an 
engineer's  office. 

Charles  Catlett,^  in  his  paper.  Professional  Examination  of 
Undeveloped  Mineral  Properties,  says  much  that  falls  appro- 
priately under  this  head.  His  paper,  both  in  what  it  declares 
and  in  what  may  be  read  between  the  lines,  has  a  sound  and 
elevated  tone  of  combined  professional  honor  and  keen  insight, 
which  the  active,  thorough-bred  engineer  will  not  fail  to  note. 

"  Blue-Books,"  or  Official  Standards  for  Enginbbb^s. 

It  has  often  been  urged  that  engineers,  like  some  other  pro- 
fessional men,  should  have  an  official  recognition  of  their 
ability  and  standing.  Advocates  of  this  idea  would  have  a 
State  license,  or  some  plan  by  which  there  would  be  a  legal 
recognition  of  ability,  as  there  is  with  the  legal  and  medical 
professions,  the  object  being  to  protect  the  public.  Exclusive 
societies  sometimes  go  further  and  attempt  to  make  their  '^  blue- 
book"  a  guarantee  of  standing  and  character  as  well  as  of 
ability,  and  thus  to  protect  both  the  public  and  their  own  mem- 
bers. This  is,  perhaps,  beautiful  in  theory,  but,  for  the  most 
part,  a  failure  in  practice.  The  unscrupulous  and  indolent  will 
develop  the  greatest  energy  of  their  lives  in  getting  in,  and 
then  depend  on  official  prestige  to  carry  them.  Let  no  one 
imagine  that  they  will  not  get  in.  Attempts  to  keep  them  out 
are  futile.  Examinations  avail  but  little,  even  in  the  line  of 
ability;  diplomas  do  not  answer  the  purpose;  "responsible 
charge  of  work,"  or  other  similar  specifications,  often  admit  a 
mediocre  young  man,  whose  rich  uncle  has  secured  him  a 
salaried  position  ahead  of  a  far  more  worthy  independent  pro- 
fessional ;  recommendations  and  vouchers  by  those  already 
inside,  which  should  be  the  most  effectual  of  all  safeguards, 
are  not  availing;  influence, social, political, or  financial, secures 
indorsement  with  remarkably  little  trouble.    Friends  and  rela- 


»  BviUtin  No.  27,  March,  1909,  p.  327. 
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tives  would  rather  get  a  weakling  into  some  berth  than  to  fur- 
nish him  with  employment  themselves.  An  exclusive  society 
may  succeed  in  keeping  its  ranks  up  to  a  somewhat  ideal 
standard  while  the  organization  is  new ;  but,  with  increasing 
membership,  divergent  ideas  and  interests  are  bound  to  de- 
velop friendly  cliques,  which  will  either  admit  to  membership 
those  who  are  unworthy  or  exclude  those  who  are  worthy. 
Balloting  by  mail  on  unknown  candidates  is  unsatisfactory. 
The  ballot  is  thoroughly  effective  only  with  a  local  society,  and 
even  there  a  weakness  is  developed  as  the  association  increases 
in  membership.  This  is  demonstrated  in  the  fact  that  the  long- 
lived  successful  fraternities  have  numerous  organizations  of  the 
same  order  in  the  same  city.  Among  the  older  professional 
organizations,  occasionally  a  bar-association,  for  instance,  re- 
jects an  applicant;  but,  through  the  activity  of  influential 
friends,  the  candidate  gets  there  next  time.  When  a  person  is 
once  in,  it  is  seldom  that  suficient  evidence  and  energy  can  be 
developed  to  put  him  out.  The  medical  profession  is,  prob- 
ably, the  most  thoroughly  and  effectively  organized  of  all.  Its 
members  are  the  most  courteous  to  each  other,  and  the  organi- 
zation is  usually  able  to  influence  legislation  in  matters  con- 
cerning its  members ;  yet  its  best  members  will  frankly  admit 
that  there  are  unworthy  individuals  among  them. 

Professional  "blue-books"  and  "Who's  who?"  lists  have 
hitherto  failed  in  doing  the  very  thing  which  they  propose.  A 
few  of  the  utterly  incompetent  may  be  excluded  by  legal  license- 
systems  or  by  exclusive  societies;  but  the  artificial  prestige 
given  to  those  just  able  to  work  themselves  in,  opens  another 
danger,  by  throwing  the  public  off  its  guard ;  and  this  danger 
may  be  even  greater  than  that  of  a  free  field,  with  the  employer 

on  the  lookout. 

Professional  Timidity. 

I  once  heard  an  engineer  avow  that  he  always  took  from  20 
to  25  per  cent,  from  his  estimates  of  value,  so  as  to  be  on  the  safe 
side.  In  his  selfish  caution  he  entirely  overlooked  the  rights  of 
his  employer,  who  might  be  thereby  robbed  of  a  good  bargain, 
and  of  the  examination-fee  also.  This  reprehensible  practice,  or 
something  like  it,  is  so  common  that  I  have  often  felt  con- 
strained to  say  to  a  client  that  the  results  which  I  had  sub- 
mitted were  exactly  what  I  had  calculated,  and  were  as  likely 
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to  be  in  error  one  way  as  the  other.  In  some  cases  I  have 
added  a  recommendation  that  he  allow  a  certain  percentage  for 
safety  in  making  his  investment.  In  other  cases  I  have  said, 
**  Your  experience  in  investments  of  this  character  will  enable 
you  to  apply  your  own  safety-allowance  without  any  recom- 
mendation from  me."  It  is  not  an  engineer's  privilege  to 
assume  a  safety-factor  for  a  client  without  the  client's  knowl- 
edge. 

Another  form  of  cowardice  appears  in  withholding  the  details 
which  would  enable  another  engineer,  or  perhaps  an  account- 
ant, to  verify  the  results  given.  It  is  not  a  suficient  excuse  that 
the  employer  will  not  read  the  details  if  given  to  him.  He  may 
not  wish  to  read  them  at  the  time ;  but  he  mav  find  occasion 
to  refer  to  them  in  subsequent  operations.  His  money  has  paid 
for  them ;  and  the  record  he  receives  should  include  them. 
Sometimes  the  object  of  withholding  data  seems  to  be  to  make 
the  author  indispensable  for  future  operations.  It  is  doubtful 
whether  this  is  often  successful.  Quite  as  often  it  has  the  oppo- 
site result — ^it  acts  as  a  professional  boomerang  and  brands  him 
as  incompetent  or  unfaithful. 

Court-Work. 

More  has  been  said  and  written  on  this  subject  than  on  any 
other  branch  of  engineering  work.  The  fierce  criticism  which 
has  been  brought  upon  the  profession  by  the  acts  of  some  of 
its  members  in  bitterly-fought  law-suits  has  made  this  class  of 
work  better  known  to  the  general  public.  Some  of  this  criti- 
cism has  been  just  and  some  most  unjust.  Since  there  are 
always  opposing  attorneys  with  ability  to  make  effective  use  of 
unjust  and  insinuating  language,  the  weakest  features  of  expert 
court-work  have  been  thoroughly  paraded. 

Indorsing  all  that  has  been  said  by  Mr.  Hammond  and  Dr. 
Raymond,  I  have  little  to  add.  The  idea  that  experts  should 
be  appointed  by  the  court,  I  am  inclined  to  think  is  more  fanci- 
ful than  practical.  Since  the  court  would  have  in  advance  no 
knowledge  of  conditions  which  would  guide  it  in  the  selection 
of  the  proper  expert  for  the  particular  case,  a  certain  bent  ot 
mind  or  the  prejudice  of  an  individual  might  decide  a  case  un- 
justly. 

Court-work  is  unpleasant  to  most  professional  men.  I  recall 
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only  two  engineers  whom  I  have  heard  declare  that  they  like 
it;  one  because  his  bellicose  nature  ei^oys  the  conflict  with 
the  cross-examining  attorney,  and  the  other  on  account  of  the 
mental  discipline  experienced  by  him  under  such  examination. 

Vendors'  Reports. 

I  agree  with  Mr.  Hammond  that  a  report  for  a  seller  should 
not  be  condemned  as  unprofessional.  Indeed,  he  goes  perhaps 
too  far.  If  proper  precautions  are  used,  I  hardly  see  why 
even  the  young  engineer  need  avoid  this  work.  When  such  a 
report  is  made  in  the  proper  form,  its  character  as  a  seller's 
description  of  his  property  is  apparent,  and  it  frankly  challenges 
verification  by  any  other  engineer  who  may  be  selected  by  the 
purchaser.  The  author  protects  the  public  in  protecting  him- 
self. A  mistake  will  reflect  on  his  judgment,  and  a  too-en- 
thusiastic description  will  react  injuriously  on  his  business,  but 
not  on  his  honor.  The  fact  that  a  report  is  made  for  the  owner 
should  show  in  the  text  and  over  the  signature.  If  the  engi- 
neer is  to  be  compensated  for  his  work  by  a  commission,  he 
makes  himself  a  partner  in  the  enterprise,  and  this  must  also 
be  shown  in  the  report.  Then  his  statements  will  be  weighed 
accordingly.  The  small  investor  will  buy  with  his  eyes  open, 
and  the  heavy  investor  will,  in  any  event,  employ  his  own 

engineer. 

Professional  Confidence. 

One  of  the  vital  principles  of  professional  ethics  is  the  in- 
violability of  confidential  information.  This  is  generally  rec- 
ognized by  engineers  and  by  all  professions,  but  there  cannot 
be  too  emphatic  a  declaration  of  it.  What  Mr.  Catlett  says  on 
this  point  is  good  and  thorough,  and  I  fully  indorse  it.  But 
complete  confidence  on  both  sides  is  essential  to  a  satisfactory 
result.  The  client  who,  keeping  his  plans  to  himself,  engages 
an  engineer  simply  to  give  him  information,  is  really  not  a 
client,  but  only  an  employer,  and  does  not  realize  the  enormous 
handicap  which  he  is  placing  upon  his  employee.  The  time 
and  labor  involved  in  making  a  report  may  be  doubled  or  quad- 
rupled for  lack  of  knowledge  of  the  exact  purpose  for  which  it 
is  to  be  made.  The  engineer,  for  fear  of  overlooking  some 
point  which  might  prove  important,  does  unnecessary  field- 
work,  and  so  on  through  his  whole  engagement,  wasting  am- 

[5] 


200  PROFESSIONAL    BTHICS. 

inanition  by  firing  in  the  dark.  Even  then  he  is  likely  to  miss 
something  which  would  have  been  desirable.  With  full  mutual 
confidence,  the  work  is  done  more  quickly,  economically,  and 
satisfactorily.  By  explaining  this,  I  have  usually  induced  my 
client  to  state  his  purpose  more  fully.  In  my  younger  days,  I 
used  to  wish  that  he  would  stay  away  from  the  work  until  it 
was  done;  now  I  rather  encourage  him  to  accompany  me. 
However  uncommunicative  he  may  intend  to  be,  he  will  be 
likely  to  reveal  in  conversation  more  than  he  would  have  put 
in  writing ;  and  thus  I  am  enabled  to  serve  him  more  effect- 
ively. 

Stock  Speculation. 

Under  this  head  I  include  the  buying  and  selling  of  property 
interests,  whether  in  the  form  of  stock  or  not. 

J.  R.  Pinlay  says  :  *  "  As  to  an  engineer  investing  in  stocks  or 
speculating  in  them,  it  seems  to  me  that  his  activities  in  that 
direction  should  be  no  more  limited  than  those  of  any  other 
man  of  common  sense."  I  have  already  expressed  elsewhere  * 
my  dissent  from  this  proposition,  so  far  as  it  applies  to  the  buy- 
ing and  selling  by  an  engineer  of  the  stock  of  a  company  with 
which  he  is  associated  professionally.  As  I  then  said  :  "  The 
limit  is  that  professional  engagement  and  pecuniary  personal 
speculation  shall  not  be  tolerated  together  in  connection  with 
the  same  enterprise;  "  and  I  added  that,  apart  from  such  pro- 
fessional connection,  the  engineer  has  an  unquestionable  right 
to  speculate  in  stocks,  though  I  questioned  the  policy  of  his 
doing  so.  For  a  more  extended  statement  of  my  views  on  the 
subject,  I  would  refer  to  the  article  cited  above. 

Contingent  Fees. 

Contingent  fees  furnish  the  chief  debatable  ground  in  the 
discussion  of  professional  ethics.  If  an  engineer  should  make 
a  report  for  a  seller,  for  which  he  is  to  receive  a  greater  amount 
in  case  the  report  accomplishes  its  object,  or  for  which  the  com- 
pensation is  a  commission  on  the  sale,  the  performance  is  one 
thing  if  the  relations  are  kept  secret,  and  quite  another  thing 
if  the  relations  receive  full  and  unreserved  publicity,  by  which 
the  transaction  is  at  once  transferred  to  the  category  of  "vendor's 

'  Mining  and  Scientific  PresSy  vol.  zcviii.,  No.  2,  p.  80  (Jan.  9,  1909). 
*  Idem,  vol  xcviii.,  No.  9,  p.  312  (Feb.  27,  1909). 
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reports,"  and  would  be  practically  so  considered  by  any  buyer. 
The  author  of  such  a  report,  having  announced  himself  a  part- 
ner of  the  vendor,  has  satisfied  the  requirements  of  professional 
honor,  and  henceforth,  in  that  particular  transaction,  is  amen- 
able only  to  the  rules  of  common  sense,  honesty,  and  policy.  A 
vendor's  report,  made  for  a  fijced  compensation,  with  suppres- 
sion of  the  fact  that  it  is  made  to  promote  a  sale,  would  be 
reprehensible,  but  it  would  not  come  under  the  head  of  "  con- 
tingent fees." 

Mr.  Hammond,  in  justifying  contingent  fees,  apparently  con- 
fined his  opinion  to  vendor's  reports,  publicly  acknowledged  as 
such,  or  those  which  are  virtual  partnership  arrangements.  So 
far  his  declarations  are  sound  and  safe ;  but  his  proposition  that 
a  legitimate  contingent  fee  should  depend  upon  <<  the  subse- 
quent success  of  the  enterprise  "  seems  to  me  impracticable. 
How  long  shall  we  wait  to  satisfy  this  condition  ?  and,  in  case 
of  failure,  how  settle  the  question  of  the  responsibility  ? 

In  this  connection,  however,  I  would  add  that  a  contract  for 
the  receipt  of  a  percentage  of  the  proceeds  of  a  proposed  metal- 
lurgical improvement  is,  in  my  judgment,  an  excellent  and  un- 
objectionable professional  partnership. 

Removing  from  the  category  of  "  contingent  fees  "  the  cases 
which  are  virtually  partnerships,  the  problem  is  simplified,  and 
there  remain  only  the  cases  in  which  something  is  received  as 
remuneration  which  may  depend  for  its  value,  wholly  or  partly, 
upon  the  color  of  the  engineer's  report ;  in  which  personal  gain 
might  be,  or  even  might  be  conceived  to  be,  a  temptation  to  say 
a  thing  or  to  leave  a  thing  unsaid.  In  such  instances  I  contend 
that  a  contingent  fee  is  unprofessional  and  culpable ;  that  an  en- 
gineer has  no  more  right  to  accept  one  than  a  j  udge  has  to  sit  on 
a  case  in  which  he  is  interested.  A  judge,  however  high  and  un- 
impeachable his  position,  will  decline  to  sit  where  a  relative  or 
near  friend  is  interested.  The  engineer's  position  is  quite  as 
delicate. 

If  a  "  contingent  fee  "  were  put  in  such  a  homely  form  that 
it  could  not  possibly  escape  being  branded  as  a  bribe,  even  our 
**  commercial "  engineers  would  regard  it  with  scorn.  And  if 
we  could  class  all  cases  as  either  bribes  or  partnerships,  the 
question  would  be  settled ;  however,  the  painful  fact  confronts 
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as  that  a  goodly  namber  are  found  defending  contingent  fees 
by  sophistry  and  labored  illustrations. 

Forms  and  Contents  of  Reports. 

The  days  are  long  past  when  elaborate  treatises  on  history, 
geology,  and  topography  were  used  for  the  body  of  an  engineer's 
report ;  but  the  swing  of  the  pendulum  seems  to  have  brought 
some  to  the  extreme  of  presenting  seductively  simple  and 
summary  financial  statements  only.  Mr.  Finlay  has  given  ^ 
typical  report-forms  illustrating  the  extremes,  thus : 

Mr.  Smith,  engineer:  ''.  .  .  I  have  examined  Mr.  Jones'  &irm  of  160 
acres  in  Washington  county,  Pennsylvania.  I  find  such  and  such  openings  and 
such  and  such  drill-holes.  I  estimate  that  the  coal  seam  on  the  farm  will  average 
5  ft.  9}  in.  thick,  and  that  the  average  analysis  of  the  coal  is  QOji  fixed  carbon  and 
lO^tash,  etc'' 

Mr.  Brown  (another  engineer):  '*.  .  .  Jones'  farm  of  160  acres  can  be 
depended  on,  in  my  judgment,  to  produce  a  million  tons  of  coal,  which  can  be 
mined  for  $1  per  ton  and  can  be  sold  for  $1.25  per  ton.  It  can  be  worked  out  in 
10  years,  at  a  total  profit  of  $250,000.    I  figure  its  present  value  at  $126,000." 

Neither  of  these  reports  is  satisfactory.  The  "  Smith  "  style  is 
antiquated  ;  the  employer  wants  the  figures  in  money-value,  or 
else  he  would  not  employ  an  engineer  at  all ;  but  the  "  Brown  ** 
report  is  equally  bad,  professionally,  and  more  dangerous ;  be- 
cause the  employer  could  take  the  Smith  report  and,  perhaps 
with  some  assistance,  arrive  at  a  solution  of  the  commercial 
problem.  A  proper  report  should  contain  the  items  given  by 
both  Smith  and  Brown,  and  more.  There  should  be  a  map  show- 
ing the  location  of  every  opening  and  drill-hole  and  the  thick- 
ness of  the  coal  at  each.  In  short,  the  report  should  contain 
all  the  information  employed  in  reaching  the  author's  conclu- 
sion, and  paid  for  with  the  employer's  money.  Statements  of 
quantities  and  values  are  usually  not  enough ;  they  should  be 
reinforced  by  opinions,  based  on  experience  and  judgment,  in- 
cluding such  matters  as  probable  changes  in  transportation  and 
market-supply,  which  are  likely  to  make  the  whole  difference 
between  profit  and  loss. 

A  report  consisting  almost  wholly  of  opinions  is  another  weak 
form.  The  conscientious  engineer  will  not  assume  omnipotent 
judgment  and  exclude  the  employer  from  his  confidence,  by 


^  Mining  and  ScierUifie  Press,  vol.  xcviii..  No.  2,  p.  80  (Jan.  9, 1909). 
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withholding  the  data  and  the  reasoning  which  underlie  his 
conclusions.  Moreover,  it  is  his  duty  to  give  such  details  as  will 
enable  a  subsequent  expert  investigator  to  check  and  weigh 
the  opinions  he  has  expressed. 

While  pedantic  exhibitions  of  scientific  knowledge  are  to  be 
condemned,  the  subjects  of  geology,  mineralogy,  and  the  like 
should  not  always  be  ignored.  Instead  of  omitting  all  men- 
tion of  geology,  I  think  it  usually  best  to  give  something,  prob- 
ably a  plain  condensed  statement,  in  a  single  paragraph.  The 
mineralogy  may  be  dispensed  with,  or  it  may  be  disposed  of  in 
a  few  words,  or  it  may  be  the  main  feature  of  the  report — and 
so  on  with  other  items,  according  to  circumstances. 

To  avoid  making  a  report  too  cumbrous  and  dull,  I  like  the 
plan  of  putting  a  table  of  contents,  together  with  an  abstract 
and  summary,  at  the  beginning,  instead  of  a  recapitulation  at 
the  end.  Such  details  as  assay-lists,  detailed  plats,  tabulated 
cost-statements  of  various  kinds,  etc.,  can  be  put  in  supplements 
or  appendices  for  convenient  reference.  The  preliminary  ab- 
stract, probably  condensed  to  a  single  page,  with  the  explana- 
tion that  it  contains  the  essence  of  the  entire  report,  and  that 
the  remainder  is  submitted  for  the  sake  of  completeness  and 
possible  future  reference,  will  make  the  report  satisfiictory  to 
any  reader  and  under  varying  conditions. 

It  should  not  be  understood  that  I  advocate  elaborate  detailed 
reports  in  all  cases.  One  of  the  most  important  and  satisfac- 
tory reports  which  I  ever  made  covered  about  four  sheets  of 
note-paper,  and  was  written  with  a  fountain-pen  while  riding 
on  a  railroad  train ;  another  had  to  be  made,  practically  com- 
plete, by  telegraph.  The  circumstances  vary  widely  in  a  mining 
engineer's  experience. 

It  is  hardly  necessary  to  remark  that  an  engineer  should  be 
scrupulously  careful  to  keep  an  exact  copy  of  every  report,  in- 
cluding the  plats  as  well  as  the  text,  as  a  protection.  To  prevent 
the  mutilation  of  a  report,  I  often  write,  just  over  the  signature,, 
something  like  this :  "  Five  pages  of  text,  three  plats,  and  twa 
inventory-sheets."  It  is  always  possible  that  a  report  will  turn 
up  at  a  time  and  place  for  which  it  was  not  intended.  Thi& 
cannot  be  avoided.  The  recipient  has  the  right  to  publish  or 
sell  a  report,  or  to  make  any  use  of  it  which  he  sees  fit,  so  long 
as  he  does  not  make  it  misrepresent  itself  by  mutilation  or 
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unfair  quotations.  A  little  care  in  embodying,  to  some  extent, 
circumstances,  conditions,  and  purposes  in  the  text  of  the 
report,  will  do  much  to  forestall  future  misrepresentation  or 
misuse  of  it. 

The  Demand  for  Sufficient  Time. 

There  is  no  section  of  this  subject  more  worthy  of  considera- 
tion than  that  of  demanding  sufficient  time  to  do  justice  to  pro- 
fessional work.  The  young  engineer  in  particular  can  study 
this  subject  with  profit,  but  the  question  never  vanishes  through- 
out the  longest  professional  career.  The  engineer  is  continually 
approached  to  make  some  report,  or  to  act  as  an  expert  witness, 
without  sufficient  time  for  preparation.  Sometimes,  from 
shrewd  motives  of  economy,  the  employer  comes  with  the 
statement  that  the  work  must  be  done  by  a  certain  date ;  some- 
times the  cunning  promoter  endeavors  to  cut  the  time  short  in 
order  that  the  weak  points  may  escape  observation ;  but  per- 
haps more  often  than  otherwise,  the  employer,  through  pure 
ignorance  of  the  time  necessary,  delays  speaking  to  the  engi- 
neer until  the  expiration  of  an  option  or  the  date  of  a  court 
trial  is  too  near  at  hand.  There  are  cases  where  professional 
aid  is  sorely  needed  in  like  emergencies,  and  the  engineer  may 
respond  to  the  call,  and  is  constrained  to  do  so,  particularly  if 
it  is  for  an  old  client ;  but  such  work  should  be  undertaken 
only  by  those  of  experience  and  fairly  well-established  reputar 
tion,  and  avoided  as  an  extremely  dangerous  class  of  work  by 
the  inexperienced.  The  temptation  is  great;  it  is  compara- 
tively easy  to  stay  the  conscience  with  the  thought  that  an 
engineer  cannot  report  on  more  than  he  is  able  to  see,  or  be 
held  responsible  beyond  the  points  covered.  Nevertheless, 
right  here  lie  great  dangers  and  many  pitfalls.  If  he  cannot 
do  justice  to  the  case  he  cannot  do  justice  to  himself.  He  must 
decline  employment,  to  stand  by  his  colors.  I  can  think  of  no 
branch  of  the  subject  in  which  professional  ethics  comes  closer 
to  every-day  practical  application. 

Complications  and  Embarrassments. 

An  engineer  is  called  upon  to  make  an  examination  and  re- 
port where  he  already  has  much  knowledge  gained  from  work 
on  neighboring  properties.  Perhaps  it  was  this  knowledge 
which  led  to  his  selection.     He  cannot  betray  the  confidence 
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of  his  former  employers,  and  he  is  practically  unable  to  act  and 
judge  entirely  independent  of  his  previous  knowledge.  Some- 
times permission  to  use  any  data  will  be  freely  granted  by  the 
prior  employers ;  sometimes  the  work  can  be  done  in  an  en- 
tirely independent  manner  without  embarrassment ;  sometimes 
the  offered  employment  is  a  covert  attempt  to  bribe,  an  attempt 
to  secure  some  knowledge  of  a  neighbor's  property  which  could 
not  be  obtained  in  any  other  manner ;  and,  most  embarrassing 
of  all,  this  object  may  not  at  first  be  apparent,  or  the  engage- 
ment would  have  been  declined  at  the  outset.  Between  these 
extremes  there  is  a  field  for  every  possible  shade  of  embarrass- 
ment The  situation  changes  by  insensible  gradations  from 
cases  which  would  be  promptly  declined  by  any  self-respecting 
man  to  those  which  could  be  performed  with  the  most  frank 
and  agreeable  understanding  of  all  concerned.  Here  no  fixed 
rule  can  be  established,  and  common  sense  and  discernment 
must  be  the  guide  to  keep  on  the  safe  side. 

Using  the  notes  and  data  taken  in  a  case  where  the  question 
of  secrecy  is  waived,  or  not  involved,  and  charging  for  the 
same  in  future  cases,  is  an  often-discussed  question.  I  can  see 
no  difference  between  notes  on  paper  and  those  which  are  im- 
pressed on  the  mind.  The  older  professional  man  is  expected 
to  earn  more  with  accumulated  knowledge.  The  question  may 
be  a  matter  of  bargain  and  understanding  with  the  client. 

The  right  to  sell  information  to  another,  where  the  first  em- 
ployer has  hopelessly  failed  to  pay  his  bill,  raises  a  fine  point ; 
and  this  is  further  complicated  if  a  small  advance  payment  on 
account  has  been  made.  The  law  and  the  equity  might  con- 
flict. A  case  might  depend  so  much  on  the  particular  condi- 
tions that  no  general  rule  could  be  made  applicable. 

Taking  advantage  of  knowledge  gained  in  the  employ  of  one 
mine  to  secure  a  personal  interest  or  a  lease  in  an  adjoining 
property,  raises  an  ethical  point.  By  first  imparting  the  full 
information  to  the  employer,  and  giving  him  the  refusal  of  the 
same  opportunity,  the  way  is  cleared.  Holding  a  lease  on  a 
property  which  pays  the  engineer  a  fee  for  consultation  may 
possibly  be  justified  in  rare  instances,  but,  even  with  full 
knowledge,  it  is,  to  say  the  least,  treading  on  dangerous  ground. 

An  engineer  may  be  employed  at  two  neighboring  mines ; 
after  a  while  there  comes   an   unexpected  clash  of  interests, 
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when  he  is  expected  to  advise  both  parties.  Then  he  can  do 
neither  more  nor  less  than  stand  aside  and  tell  the  contending 
parties  to  employ  other  experts.  •  And  the  same  idea  may  be 
carried  out  when  the  engineer's  personal  interest  conflicts  with 
his  employer's.  Both  attorneys  and  engineers  are  sometimes 
caught  in  such  a  predicament :  it  may  involve  embarrassment, 
but  can  always  be  so  handled  as  to  avoid  dishonor. 

The  professional  members  of  the  United  States  Geological 
Survey  are  not  only  forbidden  to  testify  in  any  mining-litiga- 
tion during  the  term  of  their  employment,  but  are  bound  not 
to  do  so  for  three  years  after  leaving  the  service.  The  reason 
for  this  is  sound  and  obvious.  In  general,  the  engineer  should 
not  serve  another  client  too  soon  after  quitting  the  employ  of 
a  rival.  How  soon,  must  depend  on  circumstances :  often  he 
can  never  honorably  do  so. 

The  Life-Long  Profession. 

Granting  an  engineer's  right  to  speculate  in  stocks,  to  be- 
come a  partner  in  purchases,  or  to  act  as  a  promoter  when  not 
in  connection  with  a  professional  engagement,  there  still  re- 
mains the  question  of  good  policy,  involving  all  the  really  fine 
points  of  professional  ethics. 

If  we  are  to  follow  the  profession  for  life  we  must  forego 
some  of  the  rights  of  the  commercial  engineer.  It  is  a  mistaken 
idea  that  the  employer  of  professional  service  looks  for  one 
who  is  himself  exhibiting  great  personal  financial  prosperity. 
My  observation  is  that  too  keen  an  exhibition  of  the  money- 
making  quality  rather  begets  distrust.  The  miner  or  the  in- 
vesting public  is  more  sensitive  to  professional  constancy  than 
some  seem  to  perceive. 

Even  when  considered  with  reference  to  pecuniary  income, 
the  question  should  be  treated  from  the  stand-point  of  a  busi- 
ness which  is  to  yield  a  revenue  throughout  an  active  life,  and 
not  as  only  a  stepping-stone  in  finance.  We  do  not  have  to 
reflect  long  to  recall  some  engineer  whose  financial  activity 
readily  betrayed  the  fact  that  he  had  taken  hold  of  the  profes- 
sion only  as  a  vaulting-pole,  to  be  quickly  dropped  when  it  had 
served  its  purpose.  The  commercial  engineer  is  like  a  lessee, 
who  sinks  a  little  shaft,  without  timbering  if  possible,  leaves 

rubbish  in  every  drift,  gouges  out  by  underhand  stoping  the 
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first  bunch  of  ore  found,  and  finally  leaves  the  place  to  cave 
in.  The  thoroughbred  professional  man  is  like  an  owner  who 
puts  down  a  well-timbered  shaft,  of  sufficient  size  and  equip- 
ment, and  does  his  work  in  '^  miner-like  manner,"  that  the 
place  may  be  worked  as  long  as  it  will  yield.  Our  commercial 
engineers  at  least  lay  themselves  open  to  the  suspicion  of  treat- 
ing the  profession  after  the  manner  of  the  lessee.  In  discuss- 
ing the  ethics  of  the  situation,  I  think  we  should  take  the 
stand  of  the  owner  and  ignore  the  lessee. 
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Sampling  Anode-Copper,  With  Special  Reference  to  Silver- 
Content. 

BY  WILLIAM  WRAITH,  ANACONDA,   MONT. 
(Plttabuig  Meeting.  March,  1910.) 

I.  Introduction. 

At  the  Washoe  smelter,  Anaconda,  Mont.,  the  blister-copper 
from  the  converters  is  transferred,  by  means  of  a  crane,  to  a  re- 
fining-furnace,  in  which  it  is  brought  to  proper  pitch  by  means 
of  air  and  poles.  From  this  ftirnace  the  refined  copper,  con- 
taining gold  and  silver,  is  poured  into  cast-iron  molds  placed 
on  a  platform-conveyor,  giving  an  anode  86.75  in.  long,  28  in. 
wide,  and  2-^  in.  thick. 

By  reason  of  a  disagreement  between  the  smelter  and  the 
refinery,  in  reference  to  the  silver*content  of  the  anodes,  it  be- 
came necessary  to  investigate  the  methods  of  sampling  used. 

II.  Smelter  Method  of  Sampling. 

At  the  smelter  the  sampling  is  done  by  "  shotting  "  into 
water  a  small  portion  of  the  molten  stream  of  copper  as  it  flows 
from  the  furnace,  by  "  batting  "  the  stream  with  a  wooden  pad- 
dle. The  first  sample  is  taken  30  min.  after  the  pouring  is 
started,  three  other  samples  being  taken  at  1-hr.  intervals,  each 
sample  weighing  from  4  to  6  oz.  The  samples  are  dried,  ex- 
amined for  particles  of  burnt  wood,  screened  on  a  10-mesh 
screen  of  No.  8  wire  to  remove  the  fines,  the  oversize  then 
screened  on  ^a  4-mesh  screen  of  No.  20  wire  to  remove  the 
coarse,  the  undersize  of  this  screen  being  taken  as  the  sample. 
Teh  four  portions  thus  obtained  are  thoroughly  mixed  and  spli 
in  half  by  passing  over  a  16-slot  splitting-device,  slots  being 
0.5  in.  wide.  One-half  of  the  sample  is  sent  to  the  laboratory 
for  analysis  and  one-half  kept  as  a  duplicate. 

III.  Refinert  Method  of  Sampling. 

The  method  used  at  the  refinery  and  also  used  in  this  in- 
vestigation is  the  one  developed  by  Dr.  Edward  Keller,  of 
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Perth  Amboy,  N.  J.,  in  which  every  fourth  anode  of  a  lot  ia 
drilled,  using  a  99-hole  template,  illustrated  in  Fig  1,  which 
also  shows  the  shape  of  the  anode.  The  holes  of  the  template 
was  used  in  continuous  order,  one  hole  to  the  anode ;  for  ex- 
ample, if  in  lot  No.  890,  holes  from  No.  1  to  No.  90  were  used, 
then  in  lot  No.  891,  the  sampling  would  commence  with  hole 
No.  91. 
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H  in.  Plate 
Fio.  1.— Drillino-Tismpulte  for  Sampling  Large  Anaconda  Anodes, 

With  Outline  of  Anode. 

The  anodes  are  carefully  swept  to  remove  foreign  matter, 
then  drilled  with  a  0.5-in.  drill  from  the  bottom  side  com- 
pletely through  the  anode,  every  portion  of  the  drillings  being 
saved.  The  drillings  from  the  entire  lot  are  run  through  a 
grinder  until  the  sample  will  pass  through  a  16-mesh  screen. 
The  sample  is  then  thoroughly  mixed  and  quartered,  each 
quarter  weighing  about  1  lb.    The  1-lb.  sample  is  screened  over 
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a  40-mesh  screen,  weighing  the  oversize  and  undersize,  thus 
determining  the  ratio  of  coarse  to  fine,  the  same  ratio  being 
maintained  in  the  assay-ton  made  up  for  analysis. 

IV.  Ladle-Shot  Method  of  Sampling. 

Incidentally,  another  method  of  sampling  was  investigated — 
namely,  the  taking  of  a  ladleful  of  copper  from  the  furnace  or 
furnace-stream,  and  shotting  it  by  pouring  over  a  wooden  pad- 
dle into  water,  thus  making  shot,  which  was  treated  in  the  same 
manner  as  the  "  regular  shot  sample." 

V.  Investigation  of  Smelter  Shotting  Method. 

1.  To  determine  the  uniformity  of  the  charge  during  the 
pour,  shot  samples  were  taken  each  hour  of  the  pour,  as  follows : 

First  Hour.         Second  Hour.  Third  Hour.       Fourth  Hour. 

Silyer-Content.     Silver-Content.     Silver-Content.    Silver-Content. 
Lot  No.  Os.  per  Ton.  Oz.  per  Ton.  Os.  per  Ton.        Oi.  per  Ton. 

873  73.36  73.41                     73.58 

1000  73.79  73.79  73.82  73.79 

1001  72.93  72.81  72.99  73.06 

1002  76.07  75.96  76.19  76.37 

2.  To  determine  the  possibility  of  segregation  of  silver  in 
some  portion  of  the  stream  as  it  flowed  from  the  furnace,  sam- 
ples were  taken  from  different  parts  of  the  stream.  These 
samples  showed : 

Silver-Content. 
Os.  per  Ton. 

Front  of  stream, 72.38 

Middle  of  stre&m, 72.29 

Back  of  stream 72.28 

3.  To  determine  the  possibility  of  segregation  of  silver  by 
using  a  cold  wooden  paddle,  shot  samples  were  taken,  using  a 
wooden  paddle  and  a  red-hot  clay  paddle.  These  samples,  on 
analysis,  gave : 

Wood  Paddle.  Hot  CIaj  Paddle. 

Silver-Content.  Silver-Content. 

Lot  No.  Os.  per  Ton.  Oz.  per  Ton. 

936  74.60  74.60 

950  73.76  73.55 

VI.  Investigation  of  Refinery  Drilling  Method. 

To  te«tthe  uniformity  of  the  anodes,  six  anodes  were  selected 
at  equal  intervals  during  the  casting  of  a  lot.  Each  anode  was 
drilled  in  99  places  by  the  template ;  the  drillings  assayed  as 
follows: 
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Lot  No. 
956 

Anode  No. 
1 

956 

2 

956 

3 

956 

4 

966 

5 

956 

6 

Bilyei^Content. 
Oi.  per  Ton. 

71.36 

71.54 

71.21 

71.41 

71.68 

71.51 
Lot  No. 

885.  Random  anode, 73.41 

885.  Bagolar  sample  of  lot, 7^76 

Two  lots  of  anodes  were  taken  from  lot  No.  911  for  drilling 
samples.  Sample  A  is  the  regular  drilling  sample,  obtained  by 
drilling  one  hole  in  every  fourth  anode  according  to  template, 
and  commencing  with  the  first  anode  cast.  Sample  B  was  ob- 
tained in  the  same  manner,  but  starting  with  the  third  anode 
cast. 

SilverOontent. 
Oi.  per  Ton. 
Sample  A, 74.31 

Sample  B, 74.50 

The  last  anode  of  another  lot,  No.  917,  drilled  with  16  holes, 
8  on  each  diagonal,  gave  the  following  results : 

Silver- Content. 
Oi.  per  Ton. 

Laat  anode 74.  &2 

Aflsayoflot, 74.76 

A  comparison  of  the  results  obtained  by  the  shot-sampling 
method  and  by  the  drillings-sampling  method  on  the  same  lots 
is  given  in  Table  I. :         • 

Table  I. — Results  of  ShoUSampUng  and  DrillingS'SampUng, 


Lot  No. 
950 

Shot  Sample. 
Silver  Content. 
Oz.  per  Ton. 

73.88 

Drillings  Sample. 
Silver-Content 
Os.  per  Ton. 

73.75 

Lot  No. 
965 

Shot  Sample. 
8ilve^Content. 
Oz.  per  Ton. 

72.97 

Drillings  Sample. 
Silver-Content. 
Oz.  per  Ton. 

72.91 

951 

72.60 

72.18 

966 

70.93 

70.80 

952 

71.91 

71.58 

967 

71.79 

71.50 

953 

71.78 

71.68 

968 

72.62 

72.42 

954 

73.76 

73.62 

969 

73.10 

73.22 

955 

71.85 

71.31 

970 

72.53 

72.63 

956 

71.60 

71.35 

971 

71.20 

71.09 

957 

70.08 

70.08 

972 

73.25 

78.30 

958 

70.96 

70.90 

973 

74.53 

74.47 

959 

69.56 

69.66 

974 

74.67 

74.67 

960 

71.33 

71.38 

975 

77.55 

77.07 

961 

71.00 

70.98 

976 

77.96 

77.73 

962 

70.29 

70.32 

977 

76.84 

76.84 

968 

71.09 

70.98 

978 

76.63 

76.26 

964 

71.24 

71.10 

The  average  weight  of  the  lots  given  in  Table  1.  was  106  tone. 
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VII.  Investigation  of  the  Ladle-Shot  Method. 

1.  In  Table  £[.,  the  ladle  samples  were  taken  from  the  fiir- 
nace,  with  hot  and  cold  ladle,  at  the  same  time  a  regular  shot 
sample  was  taken  from  the  stream  flowing  out  of  the  furnace. 
After  pouring  the  shot  required,  the  ^<  skulls  "  left  in  the  ladle 
were  sampled  by  drilling. 

Table  II. — Results  of  Using  Hot  Lctdle  and  Cold  Ladle. 


Shot  Samples. 

Fumaoe 
Shot  Samples. 
Silver- 
Content.  ' 
Oz.  per  Ton. 

71.36 

Sknils. 

Lot  No. 
967 

Cold  LMlle. 

Silver- 

ContenU 

Of.  per  Ton. 

73.83 

Hot  Ladle. 

Silver- 
Content. 
Oi.  per  Ton. 

71.74 

Cold  Ladle. 
Silver- 
Content. 
Os.  per  Ton. 

Hot  Ladle. 
Silver- 
Content. 
Oa.  per  Ton. 

968 

74.64 

72.71 

72.43 

969 

7^28 

73.86 

73.13 

970 

76.86 

74.27 

72.69 

70.67 

70.67 

971 

72.69 

73.68 

71.16 

67.62 

67.34 

972 

74.78 

76.71 

73.18 

71.97 

72.09 

973 

76.79 

76.64 

74.47 

71.07 

72.29 

974 

79.31 

76.18 

74.78 

73.47 

72.26 

976 

78.49 

78.66 

77.68 

76.99 

76.93 

976 

82.71 

80.32 

7a07 

75.19 

75.21 

977 

79.69 

78.27 

76.96 

76.25 

76.10 

978 

77.90 

77.16 

76.64 

74.48 

74,18 

979 

80.03 

76.29 

76.68 

76.08 

76.22 

781 

77.67 

79.22 

74.80 

73.48 

74.12 

782 

76.88 

76.71 

74.74 

74.11 

73.02 

983 

76.02 

76.97 

74.79 

74.19 

74.62 

784 

74.93 

76.84 

73.76 

72.40 

71.99 

986 

76.83 

76.06 

76.17 

74.68 

74.48 

2.  An  8-in.  ladle  was  half  filled  with  copper  from  the  fiir- 
nace-stream,  and  three  separate  shot  samples  taken  from  it,  at 
the  same  time  a  shot  sample  was  taken  from  the  furnace- 
stream.     The  results  obtained  were: 

Silver-Content. 
Ox.  per  Ton; 

Sample  No.  1, 76.42 

Sample  No.  2, 78.67 

Sample  No.  3, 81.02 

Skull  left  in  ladle, 72.89 

Regular  shot  sample  taken  from  the  famace-streami  .74.99 

3.  An  8-in.  ladle  was  entirely  filled  with  copper  from  the 
furnace-stream,  and  four  shot  samples  taken  from  it  at  the 
same  time  a  shot  sample  was  taken  from  the  stream.  The 
results  were : 
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811v«r-Content. 
Os.  per  Ton. 

SampUNo.  J, 75.85 

Sunple  No.  2, 77.11 

Sample  No.  3, 76.40 

Sample  No.  4, 81.44 

Skull  left  in  ladle, 73.35 

Stream  shot  lample, 74.99 

An  8-in.  ladle  was  half  filled  and  allowed  to  cool  completely. 
The  resultant  button  was  drilled,  with  the  following  results : 

SUyer-Conteiit. 
Oi.  per  Ton. 

Top  of  button, 79.45 

Center  of  button, 75  73 

Bottom  of  button, 68.91 

4.  In  order  to  see  how  high  a  result  could  be  obtained  by 
the  ladle-shot  method,  an  8-in.  ladle  was  filled  with  copper  and 
allowed  to  stand  until  nearly  frozen,  when  the  metal  remain- 
ing molten  was  shotted,  with  the  following  result: 

Silver-Content. 
Os.  per  Ton. 

Ladle-flhot  nmple, 86.17 

Correct  shot  sample, 73.67 

Vin.  Conclusion. 

The  conclusions  reached  were  (1)  that  the  shot  sample 
taken  from  the  furnace-stream,  and  the  drillings  of  every  fourth 
anode  acording  to  Dr.  Keller's  template,  will  check  within 
practical  limits,  and  give  the  true  silver-content  of  the  copper, 
and  (2)  that  the  ladle-shot  method  will  give  high  silver  results, 
due  to  a  segregation  of  silver  towards  the  portion  that  solidifies 
last. 

I  wish  to  acknowledge  the  valuable  assistance  given  by 
Frederick  Laist,  assistant  superintendent,  Washoe  Smelter; 
and  C.  D.  Demond,  testing  engineer,  in  the  carrying-out  of 
the  details  of  this  investigation. 
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Dust-Explosions  in  Coal-Mines. 

BY  GEORGE  S.    RICE,  PITTSBURG.   PA. 
(Pittsburg  Meeting,  March.  1910.) 

The  extremely  valuable  papers  and  discussions  on  coal-dust 
explosions  by  Bache,^  Eavenson,'  Shurick,^  Mannakee,^  and 
Raymond  '  are  of  unusual  interest  to  me,  since  it  has  been  my 
duty  to  carry  on  investigations  on  this  and  allied  subjects  for 
the  Technologic  Branch  of  the  United  States  Geological  Sur- 
vey during  the  past  year,  and  to  make  a  series  of  coal-dust  tests 
in  the  explosion-gallery  at  Pittsburg  during  a  short  period  when 
its  use  could  be  diverted  from  the  pressing  work  of  testing  ex- 
plosives. 

In  several  of  the  discussions  mentioned,  it  has  been  assumed 
that  the  Technologic  Branch  of  the  Survey  was  not  paying  at- 
tention to  certain  phases  of  the  general  problem,  or  to  the 
specific  question  of  temperature  and  humidity  of  mine-air  in  its 
efiect  upon  the  explosibility  of  coal-dust.  This  assumption  is 
not  correct,  since  from  the  time  of  the  establishment  of  the 
"  Mine- Accident  Division,"  with  its  subdivisions  of  explosives, 
rescue-work,  and  mine-investigation,  the  mining  engineers  of 
the  last-named  section  have  made  the  subject  one  of  chief  con- 
sideration. Their  general  duties,  including  mine-sampling  for 
government  purposes,  emergency-calls  for  rescue-work,  and  ex- 
plosion investigations,  have  prevented  undivided  attention,  but 
all  of  them  have  been  supplied  with  instruments  for  such  de- 
terminations, and  special  report-forms  have  been  in  use  and  a 
great  many  observations  made  in  mining-districts  to  which  the 
mining  engineers  have  gone.  With  the  idea  of  obtaining  a 
uniform  system  of  reporting  these  data,  and  in  the  hope  that 
the  work  may  be  of  service  to  mining  engineers  in  the  field, 
the  collecting  forms  in  use  are  shown  in  Figs.  1  and  2. 

»  BuUeHn  No.  82,  August,  1909,  pp.  741  to  747. 

*  BvUeHn  No.  30,  June,  1909,  pp.  567  to  578. 
■  Bulletin  No.  30,  June,  1909,  pp.  578  to  579. 

*  BuUelin  No.  35,  November,  1909,  pp.  1027  to  1039. 

*  Bulletin  No.  36,  December,  1909,  pp.  1135  to  1137. 
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C.  STATION  HUMIDITY  REPORT  (I) 
U.  S.  Oeologleal  Survey. 


Date 19 Hour 

Mine 

Station 

Distance  from  entrance  or  shaft ft 

Dry  bulb °    Wet  bulb °    Barometer in. 

Depression  (t-tO *"    Relative  humidity ^ 

Flusage  width ft.     Height ft     Area sq.ft 

Velocity  air  per  min.  reading ft.     Corrected ft 

Volume  air  per  min en.  ft 

Intake  or  return 

At  station,  is  floor  dry  or  moist? 

At  station,  are  ribs  dry  or  moist? 

At  station,  is  roof  dry  or  moist? 

Method  of  sampling  air Sample  No 

Fio.  1. — Station  Humidity  Kefort  Used  by  Technolooic  Branch  op 

TQE  U.  S.  Gbolooical  Suryet. 

D.  GENERAL  HUMIOITY  REPORT  (2) 
U.  S.  fie^logloal  Survey. 


Qeneral  humidity  condition  of Mine 

Is  the  coal  naturally  dry  or'moist? 

Are  the  working  places  dry  or  moist? 

Are  goaves  dry  or  moist? 

In  entries,  is  floor  clean  or  dusty? 

Is  dust  pure  or  mixed  with  rock-dust  or  clay? 

la  entries,  is  floor  dry  or  moist? 

Are  ribs  and  roof  coated  with  dust? 

Is  the  above  dust  dry  or  moist? 

Are  timbers,  if  any,  coated  with  dust? 

Method  of  humidifying 

(a)    Sprinkling  by  cars ~ How  often  ?.% 

(h)    Sprinkling  by  hose How  often? 

(c)    Are  ribs  and  roof  sprinkled? 

id)    Wster  sprays Number 

How  located? 

(r)    How  many  hours  do  sprays  run? 

(/)    Exhaust  steam  sprays 

Where  located? 

ig)    How  far  does  steam  fog  the  air? 

How  much  water,  by  any  of  above  methods,  is  artificially  introduced,  in  gallons 

per  minute per  24  hours 

General  humidity  notes : 


Fio.  2. — General  Humidity  Report  Used  by  Technolooic  Branch  of 

THE  U.  S.  Geological  Survey. 
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Coal-dust  and  its  treatment  is  a  large  subject,  and  one 
upon  which  hasty  conclusions  cannot  be  made.  Nevertheless, 
some  preliminary  results  of  tests  and  observations  will  soon 
be  published  in  a  bulletin  of  the  U.  S.  Geological  Survey, 
under  the  title,  Coal-Dust  Problem  and  Proposed  Remedies. 
This  paper  will  include  a  summary  of  the  experiments  abroad 
and  in  the  United  States,  and  a  discussion  of  the  various 
methods  for  rendering  coal-dust  inert,  together  with  the  results 
of  the  preliminary  tests  made  at  the  Pittsburg  station  and  of 
observations  made  in  coal-mines.  The  experiments  have 
shown  that  moisture  will  render  coal-dust  inert,  but  the 
amount  of  moisture  necessary  for  this  effect  is  considerably  in 
excess  of  what  has  hitherto  been  supposed.  Mere  dampening 
does  not  suffice.  Moreover,  it  was  found  that  the  presence  of 
air  saturated  with  moisture  is  not,  per  se^  a  preventive  of  coal- 
dust  explosions,  as  implied  in  Mr.  Shurick's  discussion,  but  the 
continued  saturation  of  a  ventilating-current  does  serve  to 
moisten  the  dust,  and  if  carried  to  a  sufficient  degree  will  render 
it  inert  to  any  ordinary  initiating  cause. 

That  explosions  of  coal-dust  occur  far  more  frequently  in 
winter  than  in  summer  has  been  well  established.  This  fact 
has  led  to  considerable  misapprehension  that  the  temperature 
itself  is  responsible  for  explosive  conditions,  to  overcome  which 
it  has  been  suggested  that  it  would  be  sufficient  to  warm  the 
intake  air  in  winter.  The  important  facts  are  that  the  return- 
air  of  a  mine  of  any  size  is  practically  uniform  in  temperature, 
within  a  few  degrees,  winter  and  summer,  and  that  it  is  gener- 
ally in  a  nearly-saturated  state,  the  relative  humidity  rarely 
falling  below  90  per  cent.  Hence,  it  follows  that  where  no 
artificial  moistening  is  done,  unless  the  air  entering  the  mine 
carries  the  same  amount  of  moisture  that  goes  out  of  the  mine 
in  the  return-air,  over  and  above  the  drainage-losses,  moisture 
is  withdrawn  to  such  an  extent  that  the  walls  of  the  passage- 
ways and  the  coal-dust  are  more  or  less  dried ;  the  latter  being 
generally  left  in  an  explosive  condition  during  the  winter 
period. 

The  observations  and  experiments  mentioned  indicate  that  the 
influence  of  barometric  pressure,  the  temperature,  and  the  con- 
dition of  relative  humidity  at  the  moment  of  testing  is  unim- 
portant; the  important  feature  being  that  otherwise  inflamiha- 
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ble  coal-dust  in  the  locality  of  the  initiating  cause  contains  suffi- 
cient moisture  at  the  time  of  exposure  to  concussion  and  flame 
to  prevent  its  being  raised  and  ignited.  This  percentage  varies 
with  the  character  of  the  dust,  whether  pure  bituminous  coal- 
dust  or  mixed  with  shale  or  slate,  and  the  size  and  quantity  of 
the  dust  particles  as  well.  The  experiments  show  that  all  dry 
and  pure  or  moderately  pure  bituminous  and  sub-bituminous 
dusts  propagate  an  explosion  under  certain  conditions. 

In  my  opinion,  Mr.  Mannakee,  in  his  paper  on  explosions  in 
the  Appalachian  mines,  lays  undue  stress  upon  the  temperature^ 
barometric  condition,  and  humidity  on  the  day  of  the  explosion. 
The  temperature  for  a  considerable  period  prior  to  the  explosion 
is  of  the  utmost  importance,  but  the  experiments  in  the  explo- 
sion-gallery have  indicated  that  it  has  no  discernible  influence 
as  compared  with  the  condition  and  character  of  the  dust  itself. 
The  gallery-tests  at  Pittsburg  show  that  to  render  pure,  finely- 
divided  bituminous  coal-dust  inert  when  exposed  to  the  flame 
of  a  blown-out  shot,  and  the  flame  of  the  initial  combustion,  it 
must  be  sufficiently  wet  so  that  it  can  be  molded  in  the  hand. 

While  the  dangers  arising  from  improper  use  of  explosives  in 
mines  have  been  fully  recognized  in  the  several  discussions 
which  have  appeared  in  the  Transactions^  and  while  it  is  un- 
doubtedly true  that  if  black  powder  is  properly  used  and  the 
coal  sheared  and  undercut,  the  greater  number  of  the  explo- 
sions resulting  from  this  source  would  be  eliminated,  it  by  no 
means  follows  that  all  would  be.  The  use  or  misuse  of  explo- 
sives is  largely  in  the  hands  of  the  operators  and  miners.  States 
may  make  laws,  but  unless  the  State  inspectors  are  supported 
by  the  miners  and  the  operators,  the  results  sought  will  not  be 
achieved.  Not  all  States  require  the  shearing  and  undercutting 
of  the  coal ;  and  even  with  this  done,  black  powder,  dynamite, 
or  other  long-flame  explosives  in  gassy  coals  may  cause  fires 
or  explosions.  Under  the  conditions  which  prevail,  and  which 
are  too  deep  seated  to  be  changed  by  mere  advice,  the  safest 
proposition  is  to  use  the  explosives  which  have  been  tested  by 
the  U.  S.  Geological  Survey  in  the  presence  of  gas  and  coal-dust 
and  found  not  to  cause  ignition  by  tests  many  times  repeated^ 
and  supplement  this  selection  by  efficient  humidifying,  spraying 
or  wetting  throughout  the  mine. 

Observations  in  the  field  by  the  mining  engineers  of  the  Sur- 
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vey  have  determined  that  the  best  and  safest  arrangement  is 
for  all  shots  to  be  charged,  tamped,  and  fired,  with  the  use  of 
electric  detonators,  by  picked  men,  and  not  merely  fired  by 
shot-firers,  who  do  not  stop  to  inspect  holes  properly  and  who 
do  not  know  just  how  they  are  charged.  A  further  measure  of 
safety,  which  would  also  improve  the  quality  of  the  coal  pro- 
duced, would  be  to  have  the  holes  drilled  by  special  drill-men. 
In  other  words,  the  use  of  explosives  should  not  be  put  in  the 
hands  of  ignorant,  untrained  men,  or  men  who  take  danger- 
ous chances.  Speaking  as  one  concerned  in  operating  coal- 
mines for  many  years,  my  observation  has  been  that  more  over- 
charged and  dangerous  shots  are  made  by  intelligent  English- 
speaking  men  who  are  reckless,  and  sometimes  criminally  so, 
than  by  the  inexperienced  foreigners.  I  call  to  mind  one  ex- 
plosion resulting  from  three  overcharged  shots  prepared  and 
fired  by  English-speaking  miners,  who,  knowing  these  shots  to 
be  dangerous,  purposely  left  long  fuses,  evidently  expecting  to 
get  out  of  the  mine,  which  was  new  and  small,  before  the  shots 
went  off.  Their  plans  were  miscalculated,  however,  and  the 
resultant  explosion  caused  not  only  their  own  deaths,  but  the 
deaths  of  others  as  well. 

The  indirect  effect  of  the  misuse  of  explosives — namely,  the 
weakening  of  the  roof  and  blowing-out  of  props — ^is  a  most  im- 
portant factor  in  the  large  loss  of  life  resulting  from  roof-falls, 
lu  my  opinion,  close  supervision  at  the  face,  as  pointed  out  by 
Mr.  Saunders,  is  most  important.  The  great  majority  of 
underground  foremen  have  too  much  ground  to  cover,  and  do 
not  have  opportunity  to  see  that  the  directions  about  props  are 
observed,  nor,  in  fact,  do  they  get  to  the  face  often  enough  to 
give  such  directions.  If  the  Yorkshire  system  of  deputies  were 
adopted  in  the  United  Startes,  I  believe  that  there  would  be  a 
great  decrease  in  the  number  of  accidents  at  the  face.  It  is 
urged  that  the  Yorkshire  system  is  more  expensive  than  that 
followed  in  the  United  States,  since  one  deputy  has  only  from 
25  to  40  men  under  him.  On  the  other  hand,  the  decrease  in 
accidents  and  the  increased  efliciency  of  the  day  or  company 
men,  who  are  under  constant  supervision,  will,  in  my  opinion, 
more  than  ofibet  the  increased  cost ;  and  even  if  it  did  not,  the 
additional  expense  should  willingly  be  paid  by  the  consumer, 
from  a  humanitarian  stand-point,  as  part  of  the  cost  of  coal. 
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The  Behavior  of  Copper«Slags  in  the  Electric  Furnace. 

BT  LEWIS  T.  WRIGHT,  SAN  FRANCISCO,  CAL. 
(Pittaburg  Meeting,  March,  1910.) 

T  HAVE  long  been  aware  that  ferruginous  copper  furnace- 

if  fused  in  the  electric  arc  will  yield  metallic  iron  contain- 

copper,  and  in  order  to  confirm  this  knowledge,  and  to 

tain  further  information  of  the  behavior  of  such  slags  in  the 
*igh  temperature  and  reducing  conditions  of  the  electric  fur- 
nace, a  number  of  samples  of  slag  were  fused  in  an  experi- 
mental electric  furnace. 

The  results  obtained,  given  in  Table  I.,  show  that  a  very  large 
amount  of  metallic  iron  was  produced,  and  that  this  iron 
carried  with  it  practically  all  the  copper,  gold,  and  silver,  and 
more  than  50  per  cent,  of  the  sulphur,  of  the  original  slag. 

The  metallic  buttons  formed  in  the  electric  furnace  were 
clean,  hard,  but  not  brittle. 
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A  Commercial  Fuel-Briquette  Plant. 

BY  W.  H.  BLAUV£I/r,  SYRACUSE,  N.  Y. 
(Pittoburg  Meeting,  March.  1910.) 

The  subject  'of  fuel-briquetting  has  attracted  much  attention 
on  the  part  of  engineers  and  investors  for  the  past  15  or  20 
y^ars,  and  especially  in  recent  years,  during  which  a  number  of 
plants  have  been  built,  with  more  or  less  commercial  and  tech- 
nical success.  Our  technical  literature  contains  numerous  de- 
scriptions of  certain  processes,  and  discussions  of  the  industry 
in  general.  For  a  history  of  the  development  of  the  art  in  the 
United  States,  and  for  descriptions  of  many  of  the  processes 
which  have  been  tried,  reference  may  be  made  to  the  files  of 
our  Transactions^  and,  for  more  recent  information,  to  a  paper 
by  C.  T.  Malcolmson,  read  before  the  First  Annual  Convention 
of  the  International  Railway  Fuel  Association  in  June,  1909. 

The  purpose  of  the  present  paper  is  to  describe  the  bri- 
quette-plant of  the  Solvay  Process  Co.  and  the  Semet-Solvay 
Co.  at  Detroit,  Mich.,  which,  after  a  period  of  long  and  costly 
evolution,  is  now  operating  satisfactorily  on  a  commercial 
basis.  I  believe  that  it  will  be  of  interest  to  some  of  our  mem- 
bers  to  have  the  details  of  operation,  power-consumption,  labor, 
etc.,  as  worked  out  on  a  practical  and  commercial  scale  in  a 
going  operation. 

The  briquette  industry  has  had  a  somewhat  checkered  career 
in  the  United  States,  and  much  the  larger  portion  of  the  fail- 
ures has  been  due  entirely  to  commercial  causes.  It  seems 
axiomatic  to  say  that  before  undertaking  the  installation  of  a 
plant  for  manufacturing  briquettes  it  is  necessary  that  the 
local  situation  should  be  carefully  examined :  First,  to  deter- 
mine the  kind  of  briquettes,  if  any,  the  local  market  will  con- 
sume ;  that  is  to  say,  whether  the  available  fuel-supply  is  such 
that  briquettes  would  be  a  welcome  addition,  and  whether  the 
most  promising  field  is  the  industrial  or  the  domestic  market. 
Second,  if  there  is  an  available  supply  of  raw  material,  as  coal, 
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coke,  pitch,  etc.,  which  can  be  worked  up'  into  briquette^  that 
will  meet  the  market-conditions,  and  can  be  obtained  at  a 
price  that  will  leave  a  margin  for  cost  of  manufacturing  and 
a  suitable  profit.  If  this  preliminary  investigation  does  not 
result  satisfactorily,  the  manufacturer  should  carry  his  plans  to 
another  place.  Although  these  requirements  are  axioms  of 
ordinary  business  prudence,  yet  neglect  to  observe  them  has 
been  the  cause  of  the  failure  of  many  undertakings,  resulting 
often  in  the  loss  of  the  entire  capital  invested. 

The  next  step  is  the  selection  of  the  process  of  manufacture 
best  adapted  to  the  materials  at  hand  and  the  quality  of  bri- 
quettes to  be  produced.  A  number  of  different  processes  and 
briquetting-presses  have  been  developed,  both  in  Europe  and 
in  the  United  States.  In  Continental  Europe  the  manufacture 
of  briquettes  has  reached  large  proportions,  and  has  become 
an  important  industry.  The  usual  shape  of  the  European  bri- 
quettes is  that  of  a  rectangular  block  with  rounded  edges, 
weighing  from  10  to  0.5  kg.,  or  less.  The  larger  sizes,  which 
are  usually  broken  up  before  firing,  have  the  advantage  of 
greater  convenience  in  storing.  For  household  purposes  the 
housewife  patiently  breaks  up  the  large  briquettes  with  a  ham- 
mer, but  not  having  been  accustomed  to  prepared  sizes  of  an- 
thracite, the  annoyance,  dirt,  and  waste  caused  thereby  are  not 
realized.  The  smaller  briquettes,  usually  of  the  eggette  form, 
are  largely  used,  especially  in  Belgium  and  parts  of  France. 

There  is  a  sharp  line  in  manufacturing  between  the  eggette 
and  other  forms.  The  eggettes  are  made  on  rotary  presses, 
the  coal  and  binder  being  pressed  between  the  faces  of  two 
broad  wheels  or  rolls,  having  faces  which  are  cupped  out  to 
receive  and  compress  the  briquettes  into  form.  Generally  speak- 
ing, it  is  not  practicable  on  these  rotary  presses  to  produce  bri- 
quettes larger  than  about  6  oz.  in  weight.  On  the  other  hand, 
the  capacity  of  the  reciprocating  presses,  which  are  used  in 
making  the  larger  briquettes,  falls  ofi  rapidly  as  the  size  de- 
creases, and  it  is  usually  not  commercially  economical  on  these 
presses  to  make  briquettes  which  weigh  much  less  than  1  lb. 
each.  Some  forms  of  press  have  been  developed,  notably  in 
the  United  States,  which,  in  a  measure,  combine  the  features  of 
the  rotary  and  reciprocating  presses,  and  which  would  produce 
briquettes  of  intermediate  size  between  the  European  rotary 
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and  the  reciprocating  press.     These  machines,  however,  have 
not  been  fully  developed  to  commercial  success. 

In  planning  for  the  Detroit  plant  the  domestic  market  ap- 
peared the  most  promising,  and  therefore  a  rotary  type  of  press 
was  selected  which  would  produce  small  briquettes,  or  eggettes, 
each  of  about  2  oz.  weight.  After  much  experiment,  in  which 
it  was  learned  that  a  good  many  things  must  not  be  done  and 
that  a  few  points  were  absolutely  essential  to  the  success  of  the 
operation,  the  plant  was  developed  as  it  now  stands. 

The  raw  materials  used  are  coke-breeze  from  an  adjacent 
coke-oven  plant,  and  dry  non-caking  coal  from  either  the  Hock- 
ing Valley  or  the  Jackson  Hill  districts.  These  materials  are 
used  in  equal  proportions,  by  weight,  mixed  with  from  8  to  9 
per  cent,  of  the  binder.  Coke-breeze  appears  to  require  some- 
what more  binder  than  coal ;  perhaps  on  account  of  its  por- 
osity, which  allows  the  binder  to  be  absorbed  into  the  cell  struc- 
ture.without  useful  effect  Probably  further  experience  will  result 
in  reducing  the  percentage  of  binder  used.  Coal-tar  pitch  was 
selected  as  the  binder,  since  experience  has  shown  that,  broadly 
speaking,  it  is  the  only  thoroughly  successful  binder,  generally 
obtainable  at  a  moderate  cost,  which  can  produce  a  water-proof 
briquette. 

Two  processes  are  in  general  use,  one  using  soft  pitch,  the 
other  hard  pitch.  In  the  former  the  pitch  is  melted  by  steam- 
heat  or  in  an  oven  fired  with  coal  or  other  fuel,  and  mixed 
with  the  solid  fuel  while  liquid,  while  in  the  latter  process  the 
pitch  is  made  hard  enough  to  permit  of  its  being  ground  to 
a  fine  powder.  In  practice  this  latter  means  that,  adopting 
the  usual  tar-distiller's  test,  the  pitch  should  be  somewhat 
harder  than  can  be  chewed  in  the  mouth  without  fracture 
after  the  pitch  has  been  permitted  to  reach  the  temperature 
of  the  mouth.  Unfortunately,  no  more  scientific  method  of 
testing  the  hardness  of  pitch  has  been  agreed  upon  as  yet. 
The  whole  subject  is  in  a  rather  chaotic  stage,  so  the  old  tar- 
distiller's  chewing-test  is  still  largely  employed. 

The  hard-pitch  method  was  selected  for  the  Detroit  plant, 
partly  because  the  soft-pitch  methods  are  always  a  source  of 
danger  from  fire,  but  mainly  because  it  is  believed  that  the  hard- 
pitch  method  is  the  one  which  should  be  developed,  with  a  view 
to  obtaining  the  pitch  at  the  lowest  price  delivered  at  the  bri- 
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quette-plant.  Hard  pitch  is  more  easily  transported,  either  in 
very  cheap  packages,  or,  in  cold  weather,  in  bulk,  and  it  can  be 
produced  at  lower  cost,  since  a  larger  portion  of  the  more  valu- 
able oils  contained  in  the  original  tar  have  been  removed.  Pos- 
sibly the  hard-pitch  method  requires  a  slightly  larger  quantity 
of  binder  with  some  coals,  but  the  lower  cost  at  which  it  can  be 
manufactured  more  than  offsets  this  objection,  and  it  also  has 
the  advantage  of  producing  less  smoke  in  combustion. 

The  accompanying  diagram,  Fig.  1,  shows  the  arrangement 
of  the  different  parts  of  the  plant. 

The  process  as  at  present  conducted  is  essentially  as  follows : 
The  coal  is  unloaded  into  a  track  hopper  and  elevated  to  the 
coal-bin.  As  slack  coal  is  always  used,  no  preliminary  crush- 
ing is  necessary.  The  coke-breeze  usually  contains  consider- 
able moisture,  so  in  order  to  maintain  constant  conditions  the 
breeze  is  dried  in  a  rotary  drier  before  being  elevated  to  its  stor- 
age-bin. The  coal  and  coke  are  brought  together  from  the.bins 
into  a  measuring-machine,  Fig.  2,  which  delivers  the  two  ma- 
terials in  any  desired  proportion  to  a  hammer-mill  of  the  Jeffrey 
or  Williams  type.  Fig.  8,  in  which  the  mixture  is  finely  ground. 
The  pitch  which  meets  the  coal  and  coke  in  this  mill  is  brought 
from  the  pitch-storage  shed  by  a  pitch-man,  who  breaks  it  into 
pieces  of  convenient  size  for  feeding  to  the  pitch-cracker.  This 
cracker  consists  of  a  pair  of  rolls,  16  in.  in  diameter  and  12  in. 
face,  with  small  V-sh^P^^  corrugations,  running  at  a  speed  of 
85  rev.  per  min.  These  rolls  crush  the  pit<jh  to  about  f  in.  in 
diameter,  and  give  no  trouble  unless  the  pitch  employed  is  too 
soft  to  retain  its  brittleness  at  the  temperature  of  the  atmos- 
phere. The  crushed  pitch  falls  from  the  rolls  into  a  small  hopper, 
from  which  a  screw-conveyor,  which  acts  as  a  measuring-ma- 
chine, delivers  a  definite  quantity  of  pitch  on  to  a  small  belt- 
conveyor,  which  in  turn  discharges  the  pitch  into  the  mouth  of 
the  hammer-mill,  as  above  stated. 

By  grinding  the  coal,  coke,  and  pitch  all  together  in  the 
hammer-mill  the  three  materials  are  thoroughly  mixed,  and 
opportunity  is  given  for  each  particle  of  the  coal  and  coke  to 
receive  a  coating  of  pitch  powder,  which,  of  course,  is  the 
theoretical  condition  to  be  striven  for.  Practice  has  shown 
that  in  pulverizing  coke-breeze  the  wear  on  the  hammers  of 
the  mill  is  too  great,  and  it  is  planned  to  install  a  small  pair  of 

[4] 


A   COUMBRCIAL   FUBL-BRIQrBTTE    PLANT. 


H 

S 

a 


228  A   COMMERCIAL   FUEL-BRIQUETTE   PLANT. 

chilled-iron  rolls  for  pulverizing  the  coke,  leaving  the  hammer- 
mill  for  the  coal  and  pitch.  The  pulverized  coke,  coal,  and 
pitch  will  be  delivered  direct  to  an  elevator-boot,  which  raises 
the  mixture  to  the  top  of  the  building.  From  this  elevator 
the  mixture  is  conveyed  in  a  rotary  conveyor,  in  which  the* 
diflferent  ingredients  are  thoroughly  mixed,  to  the  rotary  heater, 
Fig.  4,  consisting  of  a  cylinder,  40  in.  in  diameter  and  21  ft.  long, 
set  at  a  slight  inclination.  By  the  revolution  of  this  cylinder 
the  mixture  passes  from  the  upper  to  the  lower  end  and  is 
thoroughly  mixed  thereby.  The  cylinder  is  also  heated  to  a 
temperature  of  about  80®  C.  by  superheated  steam  introduced 
through  a  perforated  pipe  extending  the  length  of  the  cylinder. 
This  steam  is  superheated  by  the  waste  heat  from  the  coke- 
breeze  drier.  In  this  manner  the  several  components  have 
been  accurately  and  uniformly  proportioned,  pulverized,  mixed, 
and  heated  to  a  controlled  temperature ;  also,  a  small  quantity 
of  water  has  been  introduced,  which  is  desirable  to  insure  a 
pliant  and  readily  moldable  material  for  the  press.  In  some 
processes  a  vertical  cylinder  with  stirrers  is  employed  instead 
of  a  horizontal  rotating  cylinder,  the  mix  being  heated  with 
superheated  steam  in  a  similar  way. 

From  the  mixing-cylinder  the  material  is  delivered  by  a  short 
chute  to  the  feed-box  over  the  rotary  press.  The  press  used  at 
this  plant.  Fig.  5,  is  of  French  manufacture  and  of  the  standard 
Belgian  type.  It  consists  of  a  heavy  frame  supporting  t^o 
rolls,  each  of  which  carries  in  the  middle  a  gear  having  7-in. 
face  and  2.5-in.  pitch,  and  on  each  side  of  the  gear  a  steel  tire, 
5.25  in.  wide  on  the  face  by  2.5  in.  thick.  These  gears  and 
tires  are  accurately  fitted  on  to  the  drum  or  roll,  and  keyed 
and  bolted  to  place.  The  faces  of  the  tires  are  hollowed  out 
or  cupped  into  recesses  about  2.26  in.  long  and  1|  in.  wide. 
There  are  three  rows  of  these  cups,  arranged  as  closely  as 
possible,  so  that  each  tire  contains  207  cups.  The  rolls  are 
accurately  registered,  so  that  the  cuppings  in  the  adjacent  tires 
shall  produce  the  egg-sliaped  briquette,  the  shape  and  dimen- 
sions of  the  cuppings  determining  the  form  and  weight  of  the 
briquettes.  Provision  is  made  for  turning  up  the  faces  of 
these  steel  tires  as  they  wear  and  for  cutting  out  the  cups,  so 
that  the  life  of  the  tires  may  be  thereby  prolonged.  It  is  found 
that  the  wear  is  much  greater  with  coke-breeze  than  with  coal 
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alone,  and  it  is  proposed  to  substitute  rolls  with  a  chilled-iron 
face  in  place  ot  the  steel.  It  has  been  found  in  our  experi- 
ments that  even  the  alloy-steels,  especially  designed  to  resist 
wear,  are  not  as  satisfactory  as  chilldd  cast-iron.  The  cutting- 
action  of  the  sharp  particles  of  coke  wears  the  best  manganese- 
steel,  for  example,  perhaps  even  more  rapidly  than  ordinary 
tool-steel. 

Adjustments  are  provided  on  the  frame  of  the  press  which 
allow  the  rolls  to  be  brought  together  as  the  tires  wear  or  are 
dressed  down.  The  rolls  are  driven  by  means  of  a  pinion  en- 
gaging one  of  the  pair  of  gears.  The  pinion-shaft  in  turn  is 
driven  through  gearing  by  a  belted  motor.  The  belt  aftbrds  a 
convenient  safeguard  in  case  of  foreign  material  getting  be- 
tween the  rolls  and  blocking  them.  If  a  direct  drive  is  used, 
carefully-designed  breaking-pins  are  essential. 

The  mix  which  has  been  delivered  into  the  feed-box  is  con- 
stantly stirred  therein  by  rotating  paddles,  and  fed  down  to 
the  rolls  through  two  chutes,  specially  arranged  with  sides 
which  may  be  moved  in  parallel,  thereby  controlling  the  feed 
of  the  mix  to  the  rolls.  It  is  essential  to  the  production  of 
uniform  briquettes  that,  in  addition  to  the  mix  being  uniform 
in  composition  and  temperature,  the  quantity  delivered  be- 
tween the  rolls  must  be  accurately  controlled,  since  it  is  the 
resistance  of  the  material  itself  which  determines  the  amount 
of  pressure  under  which  the  briquette  is  produced. 

From  the  press  the  briquettes  fall  on  a  conveyor-belt  and  are 
delivered  to  a  cooling-conveyor  outside  of  the  building.  This 
cooling-conveyor  is  a  slow-moving  rubber  belt  of  sufficient 
length  to  permit  the  briquettes  to  cool  sufficiently  so  that  the 
pitch  will  harden  and  give  strength  to  the  briquette  to  resist 
breakage  as  it  passes  through  the  screen  and  falls  into  the  rail- 
road-car. At  some  plants  the  cooling-conveyor  is  constructed 
of  a  woven-wire  belt,  which  would  seem  to  be  advantageous  in 
that  it  gives  greater  access  of  air  to  all  sides  of  the  briquettes. 
When  the  briquettes  have  been  sufficiently  cooled  to  have  ac- 
quired the  necessary  toughness,  they  are  delivered  from  the 
cooling-conveyor  to  a  rotary  screen,  which  separates  out  any 
fine  material  and  knocks  ofi^any  fins  which  may  adhere  to  the 
briquette  on  account  of  wear  of  the  rolls.  From  the  rotary 
screen  the  briquettes  fall  into  railroad-cars  for  shipment,  or 
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into  storage-piles.  A  small  conveyor  returns  the  fine  unbri- 
quetted  material,  and  the  fins  to  the  plant  and  delivers  it  back 
to  the  hammer-mill,  so  that  it  is  pulverized  and  thoroughly 
mixed  with  the  new  material. 

The  capacity  of  this  plant  has  not  yet  been  ftilly  developed. 
It  has  been  brought  up  to  9  tons  per  hour,  and  it  may  reach 
10  tons.  The  main  features  of  the  plant  are,  however,  arranged 
to  have  a  capacity  equal  to  the  output  of  two  presses,  and  it  is 
the  purpose,  as  the  market  develops,  to  add  the  second  press. 
This  addition  would  result  in  a  very  material  reduction  in  the 
cost  of  operation,  since  the  labor  required  will  be  but  little 
more  than  at  present,  about  two  more  men.  The  power  re- 
quired for  operating  the  elevators,  conveyors,  etc.,  and  the  re- 
pairs on  these  parts  of  the  plant  will  be  but  little  more  than  at 
present  when  the  tonnage  has  been  doubled.  Probably  the 
power  required  and  the  wear  on  the  pulverizing-mills,  presses, 
and  some  other  parts  will  be  more  nearly  in  proportion  to  the 
tonnage.  An  examination  of  the  costs  given  below,  based  on 
the  output  of  one  press  and  two  presses,  shows  very  clearly  the 
effect  of  output  on  the  cost  of  briquette  manufacture. 

Repeated  readings  have  been  made  of  the  power  consumed 
in  the  different  parts  of  the  plant,  with  the  following  average 
result : 

Motor  Driving.  B.h.p. 

Breeze-conyejor  to  drier, 1.50 

Breeze-drier  and  ventilating-fan, 2.85 

Palverizing-mill, 22.00 

Elevator-shafting  and  rotary  mixer,                                ..  10.00 

Briquetting-press, 25.00 

Total 61.35 

The  press-motor  also  drives  the  cooling-conveyor,  rotary 
screen,  pitch-cracker,  and  conveyor. 

The  consumption  of  steam  in  the  rotary  heater  and  mixer 
depends  partly  upon  the  temperature  of  the  atmosphere  and 
partly  upon  the  quantity  of  binder  and  its  melting-point.  Tests 
at  the  Detroit  plant,  extending  over  a  number  of  days,  show  a 
consumption  of  206  lb.  of  steam  per  ton  of  briquettes  produced. 
This  result  was  during  a  period  of  somewhat  slow  operation. 
No  tests  have  been  made  during  a  period  of  steady  running  at 
full  speed,  but  the  above  steam-consumption  per  ton  of  product 
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would  undoubtedly  be  decreased  by  a  larger  output.  The 
superheating  of  the  steam  is  desirable  in  order  to  maintain  it 
in  a  dry  state,  and  prevent  the  addition  of  too  much  water  to 
the  mix.  The  experiment  was  tried  of  heating  the  outside  of 
the  rotary  mixer  and  heater  with  a  gas-flame,  but  the  use  of 
superheated  steam  seems  to  be  more  satisfactory. 

The  labor  on  a  plant  similar  to  the  one  described  is  approxi- 
mately: % 

Cost 
Per  Hour. 

1  foremaD, $0.50 

1  press-man, 0.26 

1  oiler,  breeze-drier-  and  conveyor-man,        .                         .0.18 
1  pitch-man, 0.18 

1  briquette-loader,         . 0.19 

2  laborers,  at  17  cents, 0.34 

Total, $1.65 

When  producing  9  tons  of  briquettes  per  hour,  the  labor-cost 
becomes  18.3  cents.  Two  presses  would  double  the  output,  but 
would  only  require  two  more  men  at  18  cents,  and  a  second 
press-man  at  26  cents  per  hour,  which  would  bring  the  labor- 
cost  to  12.6  cents  per  ton. 

The  use  of  coke-breeze  increases  the  wear  on  all  apparatus 
with  which  it  comes  in  contact,  but  most  especially  on  the 
briquetting-rolls.  The  question  to  be  determined  in  each  case 
is  whether  the  breeze  can  be  obtained  at  a  cost  sufliciently 
low  in  comparison  with  coal  to  offset  the  increased  repairs 
due  to  its  use.  In  addition,  coke-breeze  has  the  advantage  of 
being  smokeless,  so  that  its  use  reduces  the  smokiness  of  soft- 
coal  briquettes.  The  difference  in  cost  of  maintaining  the 
briquetting-rolls  with  and  without  coke-breeze  is  so  great  that 
two  cost-sheets  are  given  below,  which  will  illustrate  the  ap- 
proximate cost  of  manufacturing  briquettes  under  these  two 
circumstances  in  a  plant  similar  to  that  here  described,  pro- 
ducing 9  tons  of  briquettes  per  hour.  If  the  plant  were 
operated  on  the  basis  of  the  larger  production  obtained  from 
two  presses,  it  would  be  safe  to  estimate  a  reduction  in  these 
two  costs  of,  say,  10  cents  per  ton. 
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Labor, $0,183 


Power,  at  1.25  cents  per  kw-hr.,    .  0.072 

Steam,  206  lb.,  at  0.5  cent  per  h.p-hr.,         .  0.034 

Breeze-drier  and  superheater  fuel,  0.03 
Miscellaneous  supplies,  oil,  waste,  lights,  and 

water, 0.03 

Repairs  on  rolls, 0.191 

Other  repairs,       .      ^ 0.05 


Cost  Per  Ton  of  Product. 
Using  50  Per        Udng  100  Per 
Cent,  of  Breeie.     Cent,  of  Goal. 

$0,183 
0.072 


Total, 


$0.60 


0.034 
0.011 

0.03 

0.035 

0.035 

$0.40 


To  obtain  the  total  operating-cost  of  a  plant  such  as  has  been 
described,  and  operating  under  similar  conditions,  the  cost  of 
the  pitch  for  binder  and  of  the  coal,  coke-breeze,  or  other  fuel 
used,  must  be  added  to  these  figures. 

In  order  to  have  an  illustration  of  such  costs,  let  us  assume 
that  suitable  slack  coal  can  be  obtained  at  ^2,  coke-breeze  at 
Jl,  and  pitch  at  $8  per  ton,  delivered  at  the  plant.  Since,  as 
above  pointed  out,  the  use  of  breeze  requires  somewhat  more 
binder,  we  will  assume  the  use  of  7.5  per  cent,  of  binder  with 
the  coal  and  9  per  cent,  with  the  mixture  of  coal  and  breeze. 


Coat  of  One  Ton  of  Briquettes. 
Equal  Paita  of 
Coal  and  Breeie. 


All  Coal. 


0.455  ton  coal,  at  $2,     . 
0.925  ton  coal,  at  $2,.   . 
0.455  ton  breeze,  at  $1, 
9  per  cent,  of  pitch,  at  $8, 
7.5  per  cent,  of  pitch,  at  $8, 
Cost  of  briquetting,  as  above, 


Total, 


$1.85 


0.60 
0.40 


$2.85 


$0.91 

0.455 
0.72 

0.60 
$2,685 


Many  coals  can  be  briquetted  with  less  than  the  above  quan- 
tities of  pitch,  and,  of  course,  the  costs  of  coal  and  coke-breeze 
vary  at  every  plant,  but  the  substitution  of  local  prices  in  the 
above  tables  will  give  approximately  the  cost  of  briquettes  in 

a  plant  having  about  the  capacity  of  the  one  described.     In 
larger  plants  the  cost  of  operation  is  less,  and  with  briquettes 

of  large  size  for  industrial  purposes  the  cost  would  be  materi- 
ally reduced. 

In  contemplating  the  erection  of  a  plant,  not  only  must  a 
press  be  selected  suited  to  the  material  to  be  treated  and  also 
to  the  kind  of  briquette  demanded  by  the  available  market,  but 
it  must  be  remembered  that  a  briquette-plant  includes  much 
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more  than  the  mere  press.  To  insure  economical  operation, 
the  preparation  and  handling  of  the  material  must  be  carefully 
studied  and  planned  for,  and  the  whole  combination  of  driers, 
bins,  elevators,  measuring-machines,  crushers,  mixers,  heaters, 
conveyors,  etc.,  must  all  be  combined  with  the  press  into  a  single 
effective  and  economical  unit,  which  will  insure  a  uniform  pro- 
portioning of  the  materials,  their  thorough  and  intimate  mixture, 
their  heating  to  a  sufficient  and  uniform  temperature,  and  their 
delivery  to  and  removal  from  the  press  at  a  constant  and  reliable 
rate.  If  the  various  units  entering  into  a  briquette-plant  are 
thus  successfully  combined  with  careful  economy  of  power  and 
convenient  arrangement,  so  that  the  labor  is  maintained  at  a 
minimum,  a  briquette-plant  should  be  a  reliable  and  assured 
source  of  profit  in  locations  where  a  satisfactory  raw  material 
and  market  for  the  product  obtain.  While  the  processes  are 
simple  and  easily  understood,  it  is  essential  that  the  different 
conditions  be  rigidly  maintained,  and  usually  it  is  only  after  the 
press-man  and  other  more  important  operatives  have  attained 
certain  instinctive  recognition  of  the  conditions  that  the  plant 
becomes  thoroughly  successful. 
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The  Combustion-Temperature  of  Carbon  and  Its  Relation 

to  Blast-Furnace  Operation. 

BY  CLARENCE  P.  LINYILLE/  STATE  COLLEGE,  PA. 
(Pittsburg  Mdetlng,  March,  1910.) 

It  is  recognized  that,  in  all  metallurgical  operations,  the 
greatest  possible  uniformity  in  all  conditions  is  essential  to  the 
best  results.  It  is  the  constant  aim  of  metallurgists  to  secure 
this  uniformity,  and  their  success  in  this  respect  has  been  in 
many  cases  the  cause  of  great  advances  in  the  metallurgical 
processes  themselves. 

Of  all  such  processes,  the  production  of  pig-iron  in  the 
modern  blast-furnace  is  perhaps  the  most  complex  and  the 
most  difficult  of  control.  Notwithstanding  the  great  progress 
of  recent  years,  there  is  still  great  difficulty  in  obtaining  any- 
thing like  uniform  conditions  and  results  in  the  manufacture  of 
pig-iron.  The  reason  is  not  far  to  seek.  The  ores  vary  in 
composition  and  physical  properties,  often  carrying  a  varying 
amount  of  gangue  material,  unevenly  distributed  The  coke 
may  vary  in  composition,  cell-structure,  moisture,  hardness,  and 
other  properties.  The  blast,  the  weight  of  which  far  exceeds 
that  of  any  other  constituent,  varies  in  its  moisture-content  and 
consequently  in  its  chemical  composition ;  and  its  tempera- 
ture, by  reason  of  the  method  of  heating,  is  not  uniform,  but, 
besides  varying  from  time  to  time  with  atmospheric  and  other 
outside  conditions,  has  a  maximum  and  minimum  for  every 
changing  of  stoves. 

Now,  with  regard  to  these  variations,  the  modern  demand 
for  uniformity  has  been  greatly  aided.  Chemical  analysis  has 
made  it  possible  to  select  ores  so  that  the  composition  of  the 
charge  can  be  kept  fairly  constant;  coal  may  be  obtained  from 
a  given  field,  and  coked  in  the  same  kind  of  ovens  under  con- 
ditions which  make  the  fuel  practically  uniform ;  the  Qayley 

*  AsBodate  Profeesor  of  Metallurgy,  School  of  Mines  and  Metallurgy,  the  Penn- 
sylvania State  College. 
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dry-blast  process  has  rendered  the  composition  of  the  air 
almost  constant,  by  reducing  the  amount  of  moisture  to  a  con- 
stant quantity;  and  the  temperature  of  the  blast  is  often 
maintained  almost  constant,  either  by  the  use  of  "  equalizers," 
or  by  the  admixture  of  cold  air  with  the  hot  blast. 

An  important  point,  however,  which  indeed  has  not  been 
entirely  overlooked,  but  which  has  not  received  the  considera- 
tion it  deserves,  is  the  hearth-temperature.  It  would  seem  to 
be  a  matter  of  the  greatest  importance  to  maintain  the  temper- 
ature of  the  blast-furnace  hearth  at  a  uniform  point,  if  possible. 
Many  furnace-troubles  may  be  traced  to  a  changing  hearth-tem- 
perature, and  if  it  were  possible  to  maintain  this  constant,  it 
is  probable  that  these  troubles  would  be  greatly  diminished. 

The  temperature  of  the  hearth  is  determined  by  several  factors, 
notably :  the  temperature  of  the  burning  coke ;  the  amount  of 
material  to  be  fused ;  the  melting-points  of  the  materials  fused ; 
the  reactions  other  than  carbon-combustion ;  and  irregularities, 
such  as  slips,  which  cool  the  hearth  by  precipitating  cold  ma- 
terial into  it.  Of  these,  the  variables  are  the  combustion-tem- 
peratures and  the  irregularities  due  to  slips.  It  is  probable  that 
if  the  variations  of  the  first  of  these  could  be  overcome,  the 
effect  of  the  latter  would  be  greatly  diminished.  Combustion- 
temperature,  then,  is  the  important  consideration.  The  higher 
the  combustion-temperature,  other  things  being  equal,  the 
higher  will  be  the  temperature  of  the  hearth,  and  the  more 
rapid  will  be  the  rate  of  fusion  of  iron  and  slag. 

The  lower  portion  of  our  iron  blast-furnace  may  well  be  con- 
sidered as  having  several  zones.  In  the  lower  part  of  the 
hearth  is  found  the  melted  pig-iron,  covered  with  a  thick  layer 
of  melted  slag.  Once  the  pig-iron  has  reached  the  hearth, 
there  is  little  chance  for  any  further  change  in  it.  Its  tempera- 
ture may  be  increased  through  contact  with  the  slightly  hotter 
cinder,  but  this  is  partly  counteracted  by  conduction  to  the 
ground  and  the  walls  of  the  hearth.  The  slag,  being  in  direct 
contact  with  the  combustion-zone,  has  a  much  greater  oppor- 
tunity to  become  superheated,  and  is  only  deterred  from  reach- 
ing a  temperature  approximating  the  combustion-temperature 
by  the  fresh  material  constantly  melting  and  falling  into  it. 
The  hottest  part  of  the  furnace  is  undoubtedly  just  in  front  of 
and  above  the  tuyeres,  where  the  coke  is  burned.     The  hot 
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gases,  as  they  rise,  give  up  their  heat  rapidly  to  the  descend- 
ing materials. 

At  a  greater  or  less  distance  above  this  place  will  be  found 
the  fusion-zones,  first  for  slag,  and  higher  for  pig-iron.  This 
distance  will  depend  in  each  case  upon  the  temperature  of  the 
combustion-zone,  the  melting-points  of  the  materials,  and  the 
rapidity  with  which  they  pass  downward  through  the  furnace. 

It  can  be  readily  seen  that,  given  the  proper  temperature, 
and  the  amount  of  slag  and  iron  to  be  melted,  an  increase  in 
the  amount  of  coke  can  only  result  in  delaying  the  operation  of 
the  furnace,  since  this  coke  has  to  be  burned  out  before  the  ma- 
terial to  be  fused  can  descend. 

Any  change  in  the  temperature  of  the  combustion-zone  will 
change  the  position  of  the  fusion-zones,  an  increase  in  temperar 
ture  causing  them  to  move  upward,  and  a  decrease  causing 
them  to  move  downward.  Increasing  the  burden  would  also 
somewhat  lower  the  fusion-zone. 

It  is  probable  that  much  of  the  trouble  from  hangs,  slips,  and 
scafiolds  can  be  traced  to  these  shiftings  of  the  fusion-zones.  It 
would  seem  to  be  of  the  greatest  advantage  to  be  able  to  main- 
tain the  fusion-zones  as  nearly  stationary  as  possible,  and  in 
order  to  bring  this  about,  with  a  given  burden,  it  is  necessary 
to  maintain  a  uniform  temperature  of  combustion. 

Much  has  been  said  about  the  utilization  of  the  heat-units 
delivered  to  the  furnace.  But  much  more  important  is  the  con- 
sideration of  the  temperatures  produced  by  these  heat-units. 
Keep  the  temperatures  right,  and  the  heat-units  have  a  tendency 
to  take  care  of  themselves.  It  would  matter  little  how  much 
fuel  were  burned,  or  how  many  heat-units  furnished  to  the 
blast-furnace,  if  the  hearth-temperature  was  not  maintained  at 
a  point  above  the  melting-point  of  the  slag  produced.  Keep 
the  temperature  above  this  point  and  the  furnace  will  run. 
The  higher  the  temperature  the  more  rapidly  it  will  run,  pro- 
vided there  is  not  so  much  fuel  present  as  to  hinder  the  descent 
of  fresh  material. 

Combustion-temperature  is,  then,  the  important  point,  the 
amount  of  slag  and  iron  melted  in  a  given  time  depending 
almost  wholly  upon  the  surface  exposed  and  the  temperature  of 
the  gases  passing  around  the  melting  particles. 

The  factors  to  be  considered  in  determining  combustion-tem- 
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peratares  are  the  reactions  of  combustion  and  the  temperature 
of  the  reacting  substances.  When  these  are  uniforni  the  tem- 
perature of  combustion  will  be  uniform ;  but  if,  for  any  cause, 
there  are  variations  in  any  factor  the  temperature  will  be  imme- 
diately affected. 

If  we  assume  that  in  the  blast-furnace  the  conditions  are 
maintained  as  nearly  constant  as  possible,  that  the  burden  re- 
mains the  same,  the  amounts  of  slag  and  pig-iron  are  the  same, 
and  the  reactions  involved  in  their  formation  and  fusion  are 
consequently  the  same,  then  it  will  be  the  reactions  of  combus- 
tion of  the  solid  carbon  which  affect  the  hearth-temperature ; 
and  it  may  be  expected  that  the  temperature  of  the  hearth  will 
vary  directly  as  the  temperature  of  combustion  of  the  solid 
carbon,  being,  of  course,  somewhat  lower,  but  by  an  amount 
which  is  bound  to  be  almost  constant  for  a  given  set  of  condi- 
tions. 

The  factors  which  control  the  combustion-temperature  of 
solid  carbon  in  the  blast-furnace  are  the  composition  of  the  air 
used  and  the  temperature  to  which  it  has  been  preheated. 
The  temperature  obtained  will  be  the  result  of  the  heating  of 
the  gaseous  products  of  the  combustion  by  the  heat  which  is 
available,  from  the  combustion  of  the  carbon,  from  the  sensible 
heat  in  the  air,  and  from  the  sensible  heat  in  the  solid  carbon 
at  the  moment  of  combustion.  (Since  the  air  contains  more 
or  less  water-vapor,  this  must  be  taken  into  consideration.)  It 
may  be  assumed  that  the  carbon  particles  have  become  heated 
to  the  temperature  of  combustion  at  the  moment  of  the  com* 
bustion  itself. 

In  order  to  investigate  the  relations  between  temperature  of 
combustion,  blast-temperature,  and  moisture-content  of  the  air 
used,  I  have  calculated  the  combustion-temperatures  of  solid 
carbon  for  the  following  four  conditions :  * 

*  I  do  not  claim  special  originality  for  these  calculations.  Thej  were  based  on 
the  work  of  Prof.  Joseph  W.  Richards,  as  given  in  his  articles  on  Metallurgical 
Calculations,  and  afterwards  in  his  book  on  that  subject  I  have  used  also  the 
graphic  method  described  by  Damour  and  Queneau,  in  their  book  on  '*  Industrial 
Furnaces.''  To  Mallard  and  Le  Chatelier  I  am  likewise  indebted.  Specific  heats 
and  heats  of  reaction  were  taken  from  Professor  Richards' s  articles  in  Vol.  I.  of 
his  book.  Since  I  employed  his  constants,  it  b  not  surprising  that  my  results 
should  closely  coincide  with  his.  But  I  was  not  aware  that  he  had  made  calcula- 
tions of  the  combustion-temperature  of  carbon  under  yarious  conditions  until  I 
them  in  his  second  volume  after  my  own  were  finished. 
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a,  blast-temperature,  0°  C,  dry  blast;  6,  blast-temperature, 
1,000°  C,  dry  blast;  e,  blast-temperature,  0°  C,  20  grains  mois- 
ture per  cubic  foot;  rf,  blasWemperature,  1,000°  C,  20  grains 
moisture  per  cubic  foot.  These  values  are  found  to  be  :  a,  1,675° 
C;  6, 2,510°  C;  c,  1,860°  C;  rf,  2,260°  C.  Since  most  Ameri- 
can  furnace-men  prefer  to  deal  with  the  Fahrenheit  scale,  I 
have  also  calculated  the  following  values : 

a.  Blast-temperature,  0^  F.,  no  moisture,        .  .  3,018^  F. 

6.  Blast-temperature,  1,600°  F.,  no  moisture,         .  .  4,853''  F. 

c  Blast-temperature,  0°  F.,  20  grains  moisture,      .  .  2,453°  F. 

d.  Bkst-temperature,  1,600°  F.,  20  grains  moisture,  .  3,885°  F. 

Using  the  values  given  in  Fahrenheit  degrees,  I  constructed 
a  chart  (Fig.  1)  showing  the  relations  for  all  moisture-contents 
up  to  20  grains  per  cubic  foot,  and  for  all  temperatures  up  to 
1,600°  F. 

This  chart  is  not  strictly  correct,  since  it  assumes  that  all 
temperatures  of  combustion  will  be  proportional  to  the  differ- 
ences from  the  figures  given.  As  a  matter  of  fact,  there  is  a 
slight  variation,  but  not  enough  to  make  any  essential  differ- 
ence in  the  results.  The  combustion-temperature  lines  should 
show  a  slight  upward  curve." 

This  chart  shows  that  changes  in  combustion-temperature 
may  be  due  to  either  or  both  of  two  things.  If  the  blast-tem- 
perature be  maintained  constant,  the  combustion-temperature 
will  vary  with  the  amount  of  moisture.  Roughly  speaking,  it 
may  be  said  that  each  grain  of  moisture  per  cubic  foot  of  air  will 
lower  the  combustion-temperature  about  25*  F.  If  the  amount 
of  moisture  remains  constant,  increase  of  the  blast- temperature 
will  raise  the  combustion-temperature,  the  amount  being, 
roughly,  85°  F.  or  every  100°  F.  increase  in  the  blast-tem- 
perature. It  may  also  be  seen  that  the  decrease  in  combustion- 
temperature  due  to  1  grain  of  moisture  may  be  compensated 
by  carrying  a  blast-temperature  about  30°  higher. 

Most  furnace-managers  make  some  attempt  to  regulate  the 
hearth-temperature  by  controlling  the  blast-temperature,  but 

That  part  of  this  paper  for  which  I  may  claim  originalitj  is  t^e  diagram  show- 
ing the  relations  between  the  moisture-content  of  the  air,  the  blast-temperature, 
and  the  resulting  theoretical  temperature  of  combustion  ;  and  the  application  of 
this  diagram  to  the  problem  of  the  control  of  combustion- temperatures,  and  thus, 
incidentally,  to  the  attainment  of  uniformity  in  blast-furnace  operations. 
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they  do  this  only  by  obeerWng  the  operation  of  the  furnace, 
and  making  the  correction  by  raising  the  blast-temperature 
after  it  has  become  evident  that  the  hearth  is  cooling.  If  th« 
blaet-temperatare  could  be  so  maintained  that  the  cooling  did 
not  take  place  at  all,  the  practice  would  be  much  better. 

The  problem  is  solved  in  the  Qayley  dry-blast  plants  by 
maintaining  a  uniform  moisture-content,  thus  making  it  a  sim- 
ple matter  to  maintain,  by  means  of  a  very  nearly  uniform 
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blast-temperature,  a  nearly  uniform   combustion-temperature, 
thus  securing  a  practically  uniform  operation  of  the  furnace. 

For  the  plants  that  have  not  as  yet  installed  desiccating- 
plants  for  the  air,  it  is  probable  that  much  benefit  would  follow 
a  more  careful  attempt  to  control  the  temperature  of  the  hearth 
through  hot-blast  manipulation.  This  has  been  suggested 
before,  but  has  generally  been  put  aside  as  not  valuable  enough 
to  compensate  for  the  trouble  involved.  Yet  it  would  seem  to 
be  a  simple  and  not  very  difficult  matter  if  undertaken  by  care- 
ful men  and  in  the  proper  spirit. 

[61 
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All  experiment  in  such  temperature-control  would  surely 
be  well  worth  the  time  and  trouble  involved;  and  for  such 
an  experiment  the  following  plan  is  suggested : 

Let  a  blast-furnace  be  selected  where  the  burden  can  be 
maintained  fairly  uniform  and  the  fuel-supply  fairly  regular. 
Ample  stove-capacity  should  be  available,  so  that  there  shall 
be  no  difficulty  in  increasing  the  blast-temperature  when 
needed.  Arrangements  for  the  admixture  of  cold  blast  should 
be  provided,  and  the  aim  should  be  to  maintain  the  blast  at  a 
constant  temperature  through  cold-blast  admixture  rather  than 
to  suflfer  the  variations  due  to  the  cooling  of  the  stoves,  and 
the  changing  from  a  cold  stove  to  a  hot  one. 

Moisture-determinations  should  be  taken  every  hour  with  a 
sling-psychrometer  in  the  current  of  air  drawn  into  the  blow- 
ing-tubs. If  more  than  one  engine  is  running  on  a  furnace, 
the  average  of  determinations  taken  at  the  different  engines 
should  be  taken ;  and  a  certain  combustion-temperature  should 
be  agreed  upon  as  the  proper  one  to  be  maintained  during  the 
test. 

From  the  moisture-determinations,  it  will  be  a  simple  matter 
to  determine  the  proper  blast-temperature  which  should  be 
maintained.  This  can  be  done  by  reference  to  such  a  chart  as 
is  shown  in  Fig.  1.  The  stove-tender  should  then  be  in- 
structed to  maintain  this  temperature  until  the  next  reading  is 
taken. 

Such  an  experiment  is  surely  well  worth  the'^trial,  and  might 
help  to  solve  the  problems  due  to  irregularity  of  air-composi- 
tion and  combustion-temperatures.  If  uniformity  is  the  prin- 
cipal reason  for  the  success  of  the  Gayley  process,  similar  ad- 
vantages should  be  obtained  from  the  uniformity  secured  by 
the  control  suggested  above.  The  effects,  however,  of  the 
entire  absence  of  moisture  in  the  blast,  and  the  absence  of 
hydrogen  in  the  combustion-gases,  cannot  be  thus  controlled. 

In  order  to  illustrate  the  close  relations  between  combustion- 
temperature  and  furnace-operation,  the  following  results,  ob- 
tained from  a  recent  blast-furnace  test,  are  given  : 

The  test  was  made  in  February,  1909,  on  a  300-ton  furnace, 
covering  the  operation  of  the  furnace  for  72  hours;  and  was 
primarily  designed  to  determine  the  heat-distribution. 

The  necessary  data  were  obtained  by  hourly  determinations 
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of  the  moisture  of  the  blast;  hourly  analyses  of  downcomer- 
gases ;  continuous  record  of  blast-temperature  taken  by  a  re- 
February  18.                  February  14.                 February  15. 
^ A ^^ A ^. A ^^ 

/2  A.M.  e  A.M.    2  P.M.S  P.ll\2  A.M.  S  A.M.    2  P.M.S  F.llVi  A.M.  8  A.M.  Z  P.VL.B  P.M>\ 


Fig.  2. — Chart  of  Averaqe  Results  of  Blast-Fdrnace 

Operations. 


cording-pyrometer;  record  of  weight  and  analyses  of  samples 
of  each  cast  of  pig-iron  ;  samples  and  analyses  of  each  flush  of 
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cinder,  accompanied  with  determination  of  the  temperature  by 
the  Fery  radiation-pyrometer. 

Febi-uary  18.                     February  14,                    February  15." 
X  J^  A ^ 

/2A.II.SA.M.    tP.M.    ■P.mTV^A.II.SA.M.    2  P.M.    6  F.MVa  A.M.  S  A.M.    2  F.ll.    t  r.m\ 


Fig.  3. — Chart  of  Avebaoe  Bbbults  of  Blabt-Furnace 

Operations. 


In  order  to  investigate  the  effects  of  combustion-tempera- 
tures on  the  working  of  the  furnace,  calculations  have  been  made 
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of  the  theoretical  combastion-temperatures  during  the  test,  and 
the  results  obtained  have  been  compared  with  those  of  the  fur- 
nace-operation. 

Hearth-temperature  cannot  as  yet  be  judged  by  any  direct 
means,  so  we  have  to  rely  upon  certain  indirect  methods  for 
determining  relative  hearth-temperatures. 

With  a  uniform  burden  and  slag-composition,  the  percentage 
of  silicon  in  the  pig-iron  may  be  taken  as  a  fair  indication  of 
the  temperature.  The  higher  the  silicon  the  higher  the  hearth- 
temperature;  hence  the  percentage  of  silicon  in  the  iron  from 
cast  to  cast  should  follow  somewhat  closely  the  theoretical  com- 
bustion-temperature. 

The  temperature  of  the  slag  flowing  from  the  furnace  should 
also  depend  upon  the  combustion-temperature,  and  should  vary, 
other  things  being  uniform,  with  it  It  will  be  interesting  then 
to  compare  the  results  found  with  these  assumptions. 

Thfe  readings  and  calculations  have  been  averaged  for  the 
periods  between  the  casts,  and  the  results  have  been  plotted  as 
shown  in  Figs.  2  and  3. 

In  these  diagrams  the  curves  show :  The  percentage  of  silicon 
in  each  cast ;  the  moisture  in  the  blast,  in  grains  per  cubic  foot ; 
the  temperature  of  the  blast;  the  observed  temperature  of  the 
slag;  the  theoretical  combustion-temperature;  the  theoretical 
hearth-temperature,  corrected  for  the  basicity  of  the  slag ;  and 
the  ideal  blast-temperature  for  maintaining  a  uniform  tempera- 
ture of  combustion  of  3,650°  F. 

In  reference  to  these  curves,  it  may  be  explained  that  an  at- 
tempt has  been  made  to  plot  them  on  a  uniform  scale,  so  that 
the  results  will  be  easily  comparable. 

A  slight  change  in  burden  was  made  at  the  end  of  the  first 
24  hr.,  lowering  the  amount  of  iron  but  increasing  the  amount 
of  slag. 

The  slag-temperatures  were  taken  as  carefully  as  possible ; 
but  in  some  cases  it  was  diflicult  to  secure  accurate  readings, 
fumes  arising  in  clouds  from  the  surface  of  the  slag  so  as  to  ob- 
struct some  of  the  heat-rays.  It  is  thought,  however,  that  the 
averages  shown  are  very  close  to  the  proper  values. 

The  line  representing  theoretical  hearth-temperatures  is 
drawn  empirically  on  y.     It  assumes  that  the  hearth-tempera- 
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ture  is  about  that  of  the  slag,  or  about  1,000^  lower  than  the 
combustion-temperature  of  the  solid  carbon. 

Allowance  was  also  made  for  the  diflferences  in  fusion-tem- 
peratures of  the  slags,  it  being  found  that  a  difference  of  about 
70°  F.  existed  between  the  more  basic  and  the  less  basic.  The 
mean  of  these  was  taken  as  a  base-line  for  corrections,  and  the 
degrees  of  the  fusing-temperature  above  or  below  this  mean 
were  added  to  or  subtracted  from  the  combustion-temperature 
after  subtracting  1,000°. 

It  will  be  noted  that  at  the  beginning  of  the  test  the  per- 
centage of  silicon  in  the  pig  is  fairly  high ;  that  it  rapidly  de- 
creases for  about  a  day  and  a  half,  when  it  rises  to  a  maxi- 
mum at  the  end  of  two  days  and  a  half,  then  falling  somewhat 
at  the  end  of  the  test. 

A  remarkable  similarity  will  be  observed  among  all  of  the 
curves  in  that  their  general  shape  is  the  same,  and  their 
maxima  and  minima  correspond  very  well  with  each  other  and 
with  the  silicon-curve. 

The  curve  for  observed  slag-temperature  follows  almost  ex- 
actly the  corrected  hearth-temperature  curve,  as  indeed  it 
should  do. 

The  effect  of  moisture  on  the  slag-temperature  is  well  illus- 
trated ;  its  effect  on  hearth-temperature  evidently  being  some- 
what greater  than  the  calculations  show.  The  amount  of 
moisture  varied  greatly  during  the  test,  running  from  3.7 
grains  per  cubic  foot  at  the  beginning  to  a  little  more  than  8 
grains  at  the  end.  The  bad  effects  of  this  excessive  moisture 
were,  however,  largely  counteracted  by  the  gradually  increas- 
ing blast-temperature. 

The  conclusions  to  be  drawn  from  the  test,  so  far  as  hearth- 
temperatures  are  concerned,  seem  to  be  about  as  follows : 

The  effects  of  lowering  the  theoretical  temperature  of  com- 
bustion are  to  give  a  cooler  slag  and  an  iron  lower  in  silicon. 

The  lowering  of  the  silicon  follows  very  closely  the  fall  of 
the  theoretical  temperature  of  combustion,  but  the  raising 
seems  to  lag  somewhat  behind  the  increase  of  the  combustion- 
temperature. 

The  effects  of  moisture  in  the  blast  may  be  compensated  by 
increasing  the  blast-temperature,  so  far  as  it  concerns  hearth- 
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temperature,  the  temperature  of  the  slag,  and  the  composition 
of  the  pig-iron. 

The  temperature  of  the  slag  follows  very  closely  the  calcu- 
lated combustion-temperature,  being,  of  course,  much  lower. 

In  connection  with  the  regulation  of  the  hearth-temperature, 
the  last  curve  is  given  as  an  illustration  of  what  the  blast-tem- 
perature should  have  been,  so  as  to  give  a  uniform  combustion- 
temperature  of  8,650^  F.,  this  being  about  the  temperature  at 
the  beginning  of  the  test.  The  temperatures  used  for  this  curve 
are  as  follows : 


1,  .  . 

Moisture. 
Grains. 
.      3.7 

Blast- 
Temperature. 
Degrees  F. 

868 

7,     .     , 

Moisture. 
Gralne. 

.     .      6.0 

Blast- 
Temperature, 
jjesrees  F. 

908 

2,     .     .     . 

4.4 

886 

8,     . 

.     .      4.8 

900 

Of          •         «          < 

•  4.9 

904 

9,     .     . 

.      5.0 

908 

4,     .     . 

.      5.7 

925 

10,     . 

.    .      6.8 

928 

6,     .    . 

.      5.8 

928 

11,     .     . 

.      6.2 

940 

6,     .     . 

.      6.0 

935 

12,     . 

.     .      8.0 

992 

If  we  should  assume  that  the  amount  of  moisture  had  been 
held  uniform  at  2  grains  per  cubic  foot,  the  same  result  could 
have  been  obtained  by  maintaining  a  blast-temperature  of 
820°  F. 
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Pan-Amalgamation:     An  Instructive  Laboratory- 
Experiment. 

Diflcunion  of  the  paper  of  H.  O.  Hofman  and  C.  R.  Hajward,  presented  at  the 
New  Haven  Meeting,  February,  1909,  and  printed  in  BuUeHn  No.  SO,  June,  1909, 
pp.  613  to  529. 

George  W.  Ritbr,  Salt  Lake  City,  Utah  (communication  to 
the  Secretary*). — ^In  their  paper,  Messrs.  Hofman  and  Hay  ward 
deal  with  a  branch  of  silver  metallurgy  that  is  on  very  uncer- 
tain ground,  both  as  a  commercial  process  and  as  a  metallurgi- 
cal science ;  moreover,  its  field  is  limited  to  few  localities  and 
to  peculiar  conditions.  The  literature  on  the  subject  is  incom- 
plete and  full  of  conflicts.  The  paper  under  discussion  clears 
up  no  disputed  points ;  on  the  contrary,  because  of  hasty  gen- 
eralization, its  tendency  is  towards  further  confusion. 

In  Table  L,  the  authors  assume  that  each  test^lot  of  1,800  g. 
of  ore  contained  exactly  5.499  g.  of  silver,  that  any  variation 
in  the  quantity  of  silver  recovered,  however  slight,  should  be 
ascribed  to  variation  in  the  time  of  grinding.  It  is  barely  pos- 
sible that  the  ore  was  mixed  so  uniformly  as  to  justify  this  as- 
sumption ;  but  those  of  us  who  know  how  difficult  it  is  to  get 
uniform  samples  of  any  ore  in  which  silver  mineral  is  present 
in  rich  particles  will  have  a  doubt  on  this  point. 

The  unlikelihood  of  getting  absolutely  uniform  test-lots  of 
ore  also  reflects  on  the  data  in  Table  II.,  on  the  effect  of  vary- 
ing the  amount  of  salt  in  a  pan-charge.  The  authors  say : 
<<  The  salt  series  was  the  last  one  that  was  investigated."  This 
again  raises  a  question  as  to  whether  the  ore  was  split  into  test- 
lots  at  the  time  of  sampling,  or  whether  it  was  kept  in  bulk  in 
such  a  way  as  to  permit  mechanical  concentration  of  values 
before  the  end  of  the  experiments. 

The  conclusion  following  Table  11. :  "  There  is  no  reason, 
therefore,  for  going  beyond  six  per  cent,  of  salt,"  is  hardly  to 
the  point.  If  we  assume  that  salt  is  of  benefit  only  when  in  solu- 
tion, it  follows  that  the  relation  between  the  quantity  of  salt 


«  BeoeiTed  Feb.  3, 1910. 
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and  the  quantity  of  water  is  of  more  consequence  than  the  re- 
lation between  the  quantity  of  salt  and  the  quantity  of  ore. 
Water  will  hold  26  per  cent,  of  salt  at  the  point  of  saturation ; 
then  why  add  180  g.  of  salt  to  only  500  cc.  of  water,  as  was 
done  in  the  experiments  detailed  by  the  authors  ? 

In  discussing  the  results  from  the  use  of  blue  vitriol,  the 
authors  overlook,  as  so  many  writers  have  done,  the  chemical 
effect  of  metallic  iron,  an  excess  of  which  is  always  presented 
by  the  pan  parts  and  liners.  It  can  be  demonstrated  that  the 
blue  vitriol  ceases  to  remain  in  solution  after  coming  in  contact 
with  the  pan  iron,  the  copper  being  completely  precipitated  in 
metallic  form,  and  being  afterwards  taken  up  by  the  mercury. 

In  every  pan-charge  to  which  salt  and  blue  vitriol  have  been 
added,  soluble  chlorides  and  sulphates  of  iron  and  of  sodium 
will  be  found.  These  secondary  compounds  do  act  in  some 
beneficial  way  in  the  treatment  of  sulphides  of  silver,  and  a 
quantitative  study  of  their  effects  might  open  up  a  fruitful  field. 
The  statement :  "  The  addition  of  blue  vitriol  to  the  pan,  as 
shown  in  Table  V.  and  Fig.  9,  has  no  beneficial  effect  what- 
ever ;  on  the  contrary,  the  extraction  decreases,"  is  apt  to  be 
misleading  to  the  casual  reader  who  fails  to  note  that  in  the 
ores  used  for  experiment  practically  all  of  the  silver  was  in  free 
state. 

Several  years  ago,  while  in  charge  of  a  large  pan-mill,  I  made 
a  long  series  of  test-runs  in  a  30-in.  experimental  pan  as  well 
as  in  the  regular  5-ft.  mill  pans,  sometimes  substituting  cement 
and  wood  for  the  iron  pan-parts,  and  using  nearly  every  com- 
mon mixture  of  ores  and  reagents.  Careful  sampling  of  each 
test-lot  of  ore,  both  before  and  after  treatment,  was  an  essential 
feature  of  the  tests ;  and,  sometimes,  the  samples  were  screened 
into  sizes  before  assaying.  Moreover,  by  taking  samples  from 
the  amalgamating-pans  at  varying  stages  of  the  process,  and 
then  subjecting  the  filtrates  from  these  samples  to  chemical 
analysis ;  also,  by  analyzing  the  particles  of  amalgam  obtained 
from  these  periodic  samples,  some  additional  light  was  obtained. 
Many  of  the  analyses  were  only  qualitative,  and  on  account  of 
the  closing  down  of  the  mill  for  lack  of  ore,  the  investigations 
were  interrupted  before  the  series  of  tests  was  complete.  Un- 
fortunately, the  notes  of  this  work  are  not  within  reach.  A  few 
things,  however,  seemed  clear : 
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1.  Iron  and  mercury  are  the  most  important  reagents  in  the 
pan  process. 

2.  In  some  cases,  the  mercury  is  quickened  by  the  addition 
of  a  small  quantity  of  freshly  precipitated  metallic  copper. 
This  is  one  of  the  things  ultimately  resulting  from  the  use  of 
blue  vitriol. 

3.  Salt  (sodium  chloride)  solution  serves  as  a  solvent  and 
wash,  rather  than  as  a  reagent,  and  is  most  valuable  when  hot 
and  concentrated.  It  helps  to  keep  the  mercury  clean.  As  a 
solvent  for  silver  chloride,  it  gives  metallic  reducing  agents  a 
better  chance  to  act  on  mineral  in  that  form. 

4.  Soluble  iron  salts,  and  other  secondary  products  that 
come  from  the  use  of  salt  and  blue  vitriol,  are  of  considerable 
value  in  the  treatment  of  ores  containing  ^silver  sulphides. 

$.  Free  acids  sometimes  assist  in  the  treatment  of  ores  con- 
taining native  silver  sulphides,  but  are  of  no  benefit  with  native 
silver  chlorides,  and  are  positively  detrimental  when  the  ore 
contains  any  lead  carbonate  or  other  oxidized  lead  mineral. 

It  is  not  safe  to  lay  down  any  hard  and  fast  rules,  because 
ore  from  every  mine  has  its  own  peculiarities,  and  numerous 
unknown  factors  are  introduced  locally,  the  results  of  which 
can  be  determined  only  by  careful  analysis,  followed  by  pains- 
taking working-tests.  The  student  of  this  branch  of  silver 
metallurgy,  who  wishes  to  save  himself  much  wearisome  labor 
without  being  led  into  wrong  paths,  would  do  well  to  consult 
the  works  of  Percy'  and  Collins.*  Dr.  Percy  has  sometimes 
been  called  the  father  of  English  metallurgical  literature.  His 
work  in  the  field  of  silver  metallurgy,  although  only  a  chapter 
in  his  career,  commands  our  admiration  because  of  the  ex- 
haustive attempts  to  get  at  fundamental  principles.  His  own 
experiences,  as  well  as  the  work  of  former  experimenters,  are 
set  down  in  a  way  that  all  may  imitate  with  profit  and  few 
will  succeed  in  equaling.  In  beginning  one  of  his  prefaces, 
he  says:  ^*0f  all  the  branches  of  metallurgy,  that  of  which 
silver  forms  the  subject  is,  in  my  opinion,  the  most  extensive^ 
the  most  varied,  and  the  most  complicated." 


^  MeUUlurgy:  The  art  of  extracting  metals  from  their  ores.  Silver  and  OoUL — 
Part  I.     By  John  Percy.     London,  1880. 

•  The  MeiaUurgy  of  Lead  and  Silver:  Part  IT, — Silver.  By  Henry  F.  CoUins. 
London,  1900. 
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With  this  improvement,  all  readings 
of  angles  can   be  made  without  the 
observer  changing  his  position. 
Of  uncstimable  value  as  a  time  saver 
to  the  Transitman. 

"Sterling"  SnircTuig  Itutmmeiits 
are  unquestionably  the  Highest  Quali- 
ty and  Latest  Improved  Precision 
Transits  and  Levels  made. 
Send  for  1 910  Edition  Catalogue  of 
Surveying,  Engineering,  Meteorolo- 
gical and  Drafting  Instruments  and 
Supplies. 

ISZARD-WARREN  CO.,  Inc., 

136  N.  lath  St.,        PHILADELPHIA,  PA. 


IVIINE-A-PHONE 

The  only  successful  Iron  Clad  Magneto  Telephone  that 
is  waterproof,  acid  proof  and  gases  proof —especially  built 
for  mines,  outdoor  use  and  places  where  an  instrument  is 
subject  to  the  severest  atmospheric  conditions.  Signaling 
and  talking  equipments  accessibly  mounted  in  an  iron  box 
^vith  sealed  inner  door  and  hinged  outer  door  fastened 
writh  pin  or  key  lock  as  required.  Removable  mounting 
bars  and  iron  clad  ringer  gong  hood  and  terminal  box. 
CODE    NO.    890   TELEPHONE 


Every  characteristic  feature  of  this  No.  S90  Telephone 
is  a  practical  design  having  the  approval  of  many  leading 
mining  engineers  who  have  helped  us  develop  this  dependa- 
ble equipment.  No  parts  are  exposed  except  the  receiver 
and  waterproof  cord.  All  windings  are  double  insulated 
and  every  magnetic  metal  used  is  copper  and  zinc  plated 
or  brass  is  used  inrhere  possible  to  eliminate  rust.  The 
ringer  armature  and  gongs  are  accessible  without  unsealing 
inner  compartment.  A  detailed  description  and  explana- 
tion of  a  complete  telephone  system  for  mines  will  no 
doubt  interest  you. 

GET    OUB     MINE     BULLETIN     NO-    lOOO-AD 
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C0N8ULTIN8    SPECIALISTS   IN   ONE    0R8ANIZATI0N 


C.  L  CONSTANT  COMPANY 

42  Broadway  New  York  City 

MINING K^ CHEMICAL  ENGINEERS,  METALLURGISTS 


Make  Assays  and  Analyses  for  Engineers'  Examinations 
and  do  quick  work.  Write  for  information  about  rates  and 
the  rapidity  with  which  certificates  are  issued. 


We  examine  and  report  on  Mines  and  Mining  properties 
and  manage  Mines.  Consult  us  on  your  Milling  and  Metal- 
lurgical problems.  

Let  us  sample,  weight  and  assay  your  shipments  to  Atlan- 
tic Seaboard. 


Cable  Addreee: 

Chaconetan 


Codee:  Weetern  Union 
Bedford-McNeill 


BLUE  ENAMELED  PIN 

Silver  Gold 

$0.75  |;2.(>0 


GOLD  CROSS  HAMMERS 

CiOLD 

12.75 


SEAL  FOB 

Silver  Gold 

|2.<>0  to  $4.00    $12  to  $20 


Badges  of  the  above  designs  can  be  obtained  on  application  to  the  Sec'y, 
American  Institute  of  Mining  Engineers,  29  West  39th  St.,  New  York. 


AN    INVALUABLE   AND    NECESSARY  WORK 

LIPPINCOTT'S  NEW  GAZETTEER 

A  Geographical  Dictionary  of  the  World 

Containing  refereneeH  to  over  100,000  places— their  population,  location,  and  industries, 
compiled  from  the  latest  cennus  returns  from  all  countries,  and  other  ofticlal  data. 

idited  by  ANGELO  HEILPRIH  and  LOUIS  HEILPRIM 

Over  2,000  pages.     Quarto.     SHEEP,  $10.00  net ;  HALF  RUSSIA,  $13.60  net 

Patent  Index  50  cents  extxa 

J.  B.  LIPPINCOTT   CO.     -     -      PHILADELPHIA 
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LEDOUX    &    COMPANY 

Experts  in  Metallui^y,  Mining  Engineering, 
and  Assaying. 


OfBce  and  Laboratory : 

99   John    Street,    New    York. 


Independent  Ore  and  Metal  Sampling  Works: 
New  York  and  Jersey  City. 


Our   Representatives   at   all   Refineries   and   Smelters   on 
Atlantic   Seaboard'  attend   to   weighing   and 
sampling  of  consignments,  as  repre- 
sentatives of  shippers. 


See  page  3  of  my  catalogue 

ENGINEERS'    TESTING    INSTRUMENTS 

Pyrotneterst  Gas  Apparatus,  Etc. 

S.   H.  STUPAKOFF  PITTSBURG,    PA. 


INDUSTRIAL    PROGRESS    IN    CONVEYING, 

ELEVATING   and  SCREENING   MACHINERY 

For  Handling  Coal,  Ores,  Rock,  Sand,  Gravel,  Clay,  Chemicals,  EU. 

la  shown  In  our  General  Catalog  (672  Pages)  and  Bulletins. 
Theie  ore  sent  free  to  those  iiitereeled  In  the 

HIGHEST  CLASS  LABOR  SAVING  BIACHINERV 

orig."n",s>1^';ird"rr.'!:raV;u"A%TftsiS"n>ou,''S-A''  Belt  CoDTeyor  SystBM 

STEPHENS-ADAMSON  MFG.CO. 

«d''wo'?k'  AURORA,  ILLINOIS 


MINE 

PUMPS 

JEANESVILLE  IRON  WORKS  CO. 
HAZLETON,  PA. 

»"« TISCO "'" 

MANGANESE 

AND   OTHE? 

SUPERIOR  STEEL  CASTINGS 

Taylor  Iron  and  Steel  Company 

HICH  BRIDGE,  N.  J. 


TRANSACTIONS  A.  I.  M.  E. 

u  ( Bound  In  Cliilh,  15  (express  prepaid)  ^ 

YKKEs: {  j^^^^  In  Half  ilofocco  lo  mateh  TranMcllons.  Sn  (eipress  prepaid) 
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Tapes  AND  Rules 
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PROFESSIONAL  CARDS 

BAXTER,  HAROLD 

HAMMOND.  JOHN  HAYS. 

Coneultlng  Engineer, 

MiRing  EnglReer, 

71  Broadway.                NEW  YORK. 

PHOENIX,  ARIZONA. 

CoDBs  B0tffdrd^McM//. 

BEATTY,  A.  CHESTER 

HANKS,  ABBOT  A. 

Consulting  RRIning  Englnttr, 

(Succcessor  to  Hbnky  G.  Hanks) 
Established  z866. 

71  Broadway, 

Chemist  and  Assayer, 

NEW  YORK,  N.  Y. 

Cable  Address: 

Granitic. 

Gives  Special  Attention  to  the  Analyses 
of  Ores,    Minerals,    Mineral    Waters. 
Control  and  Umpire  Assays,  and  Super- 
vision of  Sampling  at  Smelters. 

425  Washiigtw  St     San  Francisco,  Cal. 

BRADLEY,  FRED.  W. 

HARDMAN,  JOHN  E. 

Mining  Engineer, 

Crocker  Building, 

Consulting  Mining  Engineer, 

SAN  FRANCISCO,  CAL 

1 1 2  St.  James  St. 

Ctble  Addres:  "  BtMlt "  San  Fnneiieo. 

Code:  Bedford-McNeill. 

MONTREAL,  CANADA. 

CHANNIN6,  J.  PARKE 

HAWXHURST,  ROBERT,  Jr. 

Consulting  Engineer, 

c/o  Robert  Hawxburst, 

2907  Fillmore  Street, 

42  Broadway,               NEW  YORK. 

SAN  FRANCISCO,  CAL. 

COULDREY,  PAUL  S. 

Mining  Engineer, 

VICTOR   G.  HILLS                           FRANK  G.  WILUS 

HILLS  &  WILLIS, 

Mining  Engineers, 

Superintendent  Mother  Lode  Mine 
B.  C.  Copper  Co. 

McPhee  Building,  DENVER,  COLO., 
and  CRIPPLE  CREEK,  COLO. 

GREENWOOD,  B.  C. 

• 

Cable  Address  :  "  Hillwill  " 
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HOYLE,  CHARLES 


Mining  Engineer, 


Apartado  8,  El  Oro, 

ESTADO  DE  MEXICO,  MEXICO. 


MAYNARD,  GEO.  W. 

Mining  and  Mttallurgicai  Engineer, 

20  Nassau  Street. 

NEW  YORK,  N.  Y. 

Code:  Bedford -McNeill. 
Cable  Address  •  Metallurgy. 
Telephone:  1957  John. 


IRWIN,  FREDERIC, 

Mining  Engineer, 

General  Manager  Trade  Dollar  Con- 
solidated Mining  Co., 

DEWEY,  IDAHa 


JENNINGS,  E.  P. 

Coneulting  Mining  Engineer, 

607  Newhouse  Building, 

SALT  LAKE  CITY,  UTAH. 


Kempton,  C.  W.  &  P.  B.  McCoy, 

Mining  Engineere, 

42  Broadway, 

NEW  YORK. 


Mining^ 
Muling^ 
Exphration, 


Gable  Address :  ** 
Code: 


/'  yew  rorlk 
UtUan. 


LOWE,  HENRY  P. 

Consulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 


Bedford  McNeill  Code,  "  Lows,  Denver." 


RICKETTS  &  BANKS, 

104  John  St.,  New  York, 

Mining,  Metallurgical  and 

Chemical  Engineere, 

Examination  of  Properties.  Testing  of  Ores 
for  Best  Process  of  Treatment.  Consultation 
in  Mining,  Metallurgical  and  Milling  Practice. 


SMITH  &  LAIRD, 

(FRANKLIN  W.  SMITH \ 
CBOKCB  A.  LAIRD         / 

Consulting  Mining  Engineere, 

BISBEE,  ARIZONA. 


Bedford  McNeill  Code 
Cable  Address  "  DalUmlrth  " 


SPILSBURY,  E.  6YBB0N, 

Coninltlng.  Civil,  Mining 
and  Metallurgical  Engineer, 


45  Broadway, 


NEW  YORK. 


Cable  Address :  "  Spilroe/*  Xete  York. 


YEATMAN,  POPE, 


Mining  Engineer, 


165  Broad  way. 


NEW  YORK. 


Cabj.£  Address  •'Ikontu 


f> 
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ALDRID6E,  WALTER  H. 

CoDiultioe  MlniD£  and 
Metallurgical  Eoglneer 

Canadian  Pacific  Railway    TRAIL,  B.  G. 


LEGGETT  &  HELLMANN, 

ConsuUing  Mining  Engineers, 

1$  Broad  St..  New  York  City, 

xg  California  St.,     San  Francisco,  Cal. 
alisbury  House,     London,  E.  C,  Eng. 

CiUei:  UgBini,  N.  T.    Code:  Bedford-leSeilL 


s 


BREWER,  WM.  M. 

Conmiting  Mining  JSngineer 
and  Oeologiatt 

P.  0.  Box  701,  VICTORIA,  B.  G. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 


RICHARDS.  ROBERT  H. 

Ore  Dressing 

Massachusetts  Institute  of  Technology 

BOSTON,  MASS. 


GREENE,  FRED  T. 

Mining  Engineer, 
Silyer  Bow  Club,        BUTTB,  MONT. 


RIORDAN,  D.  M. 

ConsitUing  Engineer, 

Minins;  Investigations  especially^  carefully 
made  for  responsible  Intending  investors. 

City  Invttting  Bldg..  166  Broacway.  Kew  Yoric. 


KERR,  MARK  B.  . 

Consulting  Engineer 
MillB  BuUdlng.  SAN  FRANCISCO,  CAL. 

Pittsburg,  Gold  Flat  Mines  Company 


€OLLKCTIVI  mil  TO  TBB  TRA1V8A€TI0II8 

OP  THB 

American  Institttte  of  Mlniog  Engineers. 

See  Advertisement,  page  9,  January  number. 


Free  Public  Reference  Library 


OF 


ENGINEERING. 


American  Institute  of  Electrical  Engineers* 
American  Institute  of  Mining  Engineers* 
American  Society  of  Mechanical  Engineers* 


The  three  libraries  of  the  above  named  societies  have  been 
unified  and  are  now  arranged  as  one  library.  This  combina- 
tion has  helped  to  complete  periodical  sets,  but  there  are  still 
many  serials  lacking  early  volumes  and  numbers. 

The  following  volumes  are  needed  to  complete  sets,  and  the 
Library  would  be  pleased  to  secure  them  either  by  gift,  ex- 
change or  purchase : 
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Avoid  Costly  Breakdowns 

A  breakdown  of  the  driving  power  of  a  mine  means 
the  disabling  of  the  whole  system.  You  can  easily  insure 
yourself  against  such  disasters 

by  using 

General  Electric  Motors 

for  the  operation  of  your  mining  machinery.     Note  the 

following  important  features  of  the  ITC   motor  shown 

above. 

Freedom  from  Ease  of  Repair 

Bearing    Troubles  Motors  aljove  to  h.  p.  ■re  provided  with 

The  hearings  are  large  and  have  .mple  such  n  construction   as  will  permit   the 

wearing  suriacee.   The  oil  wells  are  closed  formalion  and  insulation  of  ihe  windings 

by  lightly  filling  covers,  and  the  opening  bttoie    insertion    in    the    molors.       This 

in  the  bearing  bracket  at  the  end  of  the  -       ■  ,-       i.                  i     r       ■    i 

■h.(l  I,   dMrf   b,   •    ,uhm   .hich    p,..  ""P''""  ""  ""»'■'  °'  =■"'-  '■"  "P""- 

vents  the  enlmnce  of  dust  and  dirt.  — ,     ,,    ,__  ,  , 

.         _  Full  Information 

Open  Frame  QIadly  Supplied 

and    Ventilation  ^ny  one  in.«*sTed  in  the  operalion  of 

The  skeleton  type  of  frame  allows  a  mining  machinery   can   obtain  valuable 

direct  exposure  to  the  air  of  those  parts  ^^_  „„  j„,^„  „^™.  ,„j  ^u— -  ^i^-.w.^ 

t .,     _  1        t'i_                      -11..  J  data  on  eleclnc  motors  and  other  minine 

ot  the  motor  which  are  necessanly  healed  * 


operation.     A  malerial   improvcmenl      accessories    by   addressing    ■ 
in  the  venlilalion  thereby  results.  sales  ollice. 

Getwml  Bectric  Company 


Principal  Office  :  Salei  Offices  in  al 

Schenectady.  N.  Y.  Large  citi«, 
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embody  the  latest  and  moat  successful 
developments  of  tipple  practice 


Five  Thousand  Ton 
JEFFREY  STEEL  COAL  TIPPLE 


breakage,    aod    is    equipped    with    ihe 

eyslem    ever  ineiallecl    in    this    country    for   Screening, 

Cleaning,  Mining,  uid  otherwise  treating  Bituminoua  Coal. 

Send  for  our  Tipple  Bulletin  No.  22. 

Jeffrey  Electric  Locomotives 

are  built  in  sizes  to  aiiit  any  service  and  for  any  haulage* 

proposition  either  above  or  below  ground. 

Descriptive  Bulletina  12  and  IT. 

We  build 

Complete  Coal  RAIne  Equipments 

Elevating  and  Conveying  Machinery  for  all  purposes  designed 


THE  JEFFREY  MFG.  CO. 

COLUMBUS,   OHIO 
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SEOTIOV  I.— IVSTITUTE  AVHOITHOEMEHTS. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute,  but  not  always  of  sufiKcient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Trcmsactums. 


SECTION  n.-TECHnCAL  PAPEBS  AHD  DISCITSSIOHS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents.  They  have  been  so  printed  and 
arranged  (blank  pages  being  left  when  necessary)  that  they 
can  be  separately  removed  for  classified  filing,  or  other  inde- 
pendent use. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  11.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  ear- 
nestly invited. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  29  W.  89th  St.,  New  York,  N.  Y.  (Telephone 
number  4600  Bryant). 


OFFICERS. 

For  the  year  ending  February,  zgiz. 

COUNCIL* 

President  of  the  Council. 

D.  W.  BRUNTON Dknveb,  Colo, 

(Term  expires  February,  1911.) 

Vice-Presidents  of  the  Council. 

W.  C.  RALSTON San  Francisco,  Oal. 

W.  L.  SAUNDERS New  York.  N.  Y. 

H.  V.  WINCHELL St.  Paul,  Minn. 

(Term  expires  February,  1911.) 

BENJAMIN  B.  LAWRENCE New  York,  N.  Y. 

JOSEPH  W.  RICHARDS South  Bethlehem,  Pa. 

ALBERT  SAUVEUR Cambridge,  Mass. 

(Term  expires  February,  1912.) 

Councilors. 

ARTHUR  S.  DWIGHT New  York,  N.  Y. 

R.  V.  NORRIS Wilkjbs-Barrb,  Pa. 

WILLIAM  H.  SHOCKLEY Tonopah,  Nbv. 

(Term  expires  February,  1911.) 

^ABL  EILERS JJew  York,  N.  Y. 

ALEX.  C.  HUMPHREYS New  York,  N.  Y. 

W.  G.  MILLER ; Toronto,  Canada. 

(Term  expires  February,  1912.) 

ROBERT  E.  JENNINGS New  York,  N.  Y. 

WILLIAM  KELLY Vulcan,  Mich. 

CHARLES  F.  RAND New  York,  N.  Y. 

(Term  expires  February,  1918.) 

Secretary  of  the  Council. 

JR.  W.  RAYMOND,  29  W.  39th  St New  York,  N.  Y. 

(Term  expires  February,  1911.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHERS New  York,  N.  Y. 

CORPORATION. 

JAMES  GAYLEY,  President;  JAMES  DOUGLAS,  Vice-President; 

R,  W.  RAYMOND,  Secretary  ;  FRANK  LYMAN,  Trewurer  ; 
JOSEPH  STRUTHERS,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX. 

(Term  expires  February,  1911.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R.  W.  RAYMOND. 

(Term  expires  February,  1912.) 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 

(Term  expires  February,  1913.) 

Consulting  Attorneys,  Blair  &  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note. — ^The  Council  is  the  professional  body,  having  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  eta  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  convenience,  composed  of  members  residing  in  New  York. 
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INSTITUTE  ANNOUNCEMENTS. 

International    Congress    for    Mining,  Metallurgy, 
Applied  Mechanics,  and  Practical  Geology, 

Diisseldorf,  June,  1910. 

A  full  account  of  the  organization  of  the  Congress,  includ- 
ing rules  of  membership,  classification  of  papers,  time  of  pres- 
entation, length,  etc.,  will  be  found  in  Bulletin  No.  87,  January, 
1910. 

A  recent  circular  from  the  Secretary  of  the  Congress,  Dr. 
E.  Schroedter,  advises  that  the  number  of  applications  for  mem- 
bership up  to  Feb,  1,  1910,  had  reached  the  very  satisfactory 
total  of  750,  of  which  one-third  was  from  foreign  countries. 
From  this  excellent  showing  at  so  early  a  date  before  the  meet- 
ing it  is  reasonable  to  expect  that  there  will  be  a  large  attend- 
ance at  the  meeting. 

For  the  information  of  members  of  the  Institute  who  expect 
to  be  abroad  this  summer,  and  for  those  who  might  make  the 
trip  if  they  knew  of  the  many  professional,  social,  and  scenic  at- 
tractions offered  in  connection  with  the  Congress,  a  detailedUst 
of  the  papers  to  be  presented,  together  with  the  program  of  the 
visits  and  excursions,  is  given  later  in  this  notice. 

The  time-limit  for  application  for  membership  in  the  Con- 
gress, originally  set  for  Mar.  1,  1910,  has  been  extended,  and 
it  is  requested  that  those  who  contemplate  attendance  and  have 
not  yet  applied  for  membership  will  communicate  at  once  with 
the  Secretary,  Dr.  E.  Schrdedter,  Diisseldorf,  Jacobistrasse  3/5, 
Prussia. 

The  official  representatives  of  the  Institute  at  the  Congress 
are  Mr^  Charles  Kirchhoff,  Past-President,  and  Mr.  Edward  W. 
Parker,  Past-Councilor,  who  are  authorized  to  express  on  that 
occasion  the  cordial  greetings  of  the  Institute  to  its  professional 
colleagues  beyond  sea. 

I.  Provirional  Programme. 

Saturday,  June  18.    Opening  of  the  Congress  in  the  "Tonhalle." 
Sunday,  June  19.    Informal  meeting  of  the  members  of  the  Congress. 
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Monday,  June  20.    Opening  ceremony  of  the  Congress.    AsBembling  of  the 

Sections.    First  Meetings  of  the  Sections.   Evening,  Reception  given  by  the 

town  of  Diisseldorf. 
Tuesday,  June  21.    Meetings  of  the  Sections.    Evening,  Grand  Banquet 
Wednesday,  June  22.  Meetings  of  the  Sections.  Evening,  Trip  up  the  Rhine 

to  beyond  Duisburg. 
Thursday,  June  23.     Excursions,  and  Concluding  Meeting  of  the  Congress  in 

the  *'Stadtische  Saalbau''  to  Easen,  followed  by  a  Garden-Party. 
Provisional  Programme  of  the  Various  Sections : 

Section  I :  Mining. 

Bergassessor  Adam,  Saarbriicken :  **  The  Hydraulic  Blasting- Pump  and  Its 
Performance.'' 

Consulting  Engineer  v.  Bavier,  Diisseldorf  :  ^'The  Development  of  Fans  and 
Compressors  in  the  German  Mines"  (in  common  with  Section  III). 

Bergassessor  Bey  ling,  Gelsenkirchen  :  **  The  Optical  Investigation  of  Fire- 
damp." 

Bergwerksdirektor  Bruchausen,  Dortmund  :  ''  Shaft-Sinking  by  the  Cement 
Process." 

Professor  Bruns,  Gelsenkirchen:  ''To  What  Extent  are  Infectious  Diseases 
.  Spread  by  Mining  Operations  ?" 

Bergassessor  DobbeUtein,  Essen :  ''Utilization  of  Low-Grade  Fuels." 

Geheimer  Bergrat  Professor  Franke,  Berlin  :  "  Haulage  from  the  Working- 
Faces." 

Engineer  W.  E.  Garforth,  Sheffield  :  "The  British  Coal-Dust  Experiments." 

Direktor  Giller,  Miilheim-Ruhr :  "Compressed-Air  Locomotive  Haulage  in 
Mines"  (in common  with  Section  III). 

Engineer  Goetze,  Bochum  .  "  New  Methods  in  the  O>nstruction  and  Working 
of  Fans  and  Compressors"  (in  common  with  Section  III). 

Bergafisessor  Grahn,  Bochum:  "The  Use  of  Compressed- Air  Locks  in  Sinking." 

Professor  Haussmann,  Aix-la-Chapelle :  "New  Methods  in  the  Domain  of 
Underground  Surveying,  including  Earth  Magnetism  and  Earthquake 
Investigation." 

Professor  Herbst,  Aix-la-Chapelle :  "  On  the  Development  of  Coking  Process, 
as  Regards  the  Construction  of  the  Ovens  and  Improvement  of  the  Me- 
chanical Working  Arrangements"  (in  common  with  Section  II). 

Dr.  Jiingst,  Essen :  "  Unification  of  Mining  Statistics." 

Bergmeister  Dr.  Kohlmann,  Diedenhofen :  "The  Mining  Development  of  the 
Minette  District." 

Bergassessor  Kukuk,  Bochum  :  "  The  Tectonic  Conditions  of  the  Lower  Rhine- 
Westphalian  Coal-Deposits  in  View  ot  the  Latest  Explorations  "  (in  com- 
mon with  Section  IV). 

Bergassessor  Macco,  Briihl:  "The  Laws  of  Mining  Economics,  Their  Sub- 
stance and  Their  Limits"  (in  conmion  with  Section  IV). 

Engineer  Sam  Mavor,  Glasgow  :  "  Machine  Mining  of  Coal  in  the  Long  Wall 
System." 

Oberingenieur  Philippi,  Berlin:  "Electricity  in  Mining"  (in  common  with 
Section  III). 

DipL-Bergingenieur  Piitz,  Kattowitz:  "The  Present  State  of  the  Refuse- 
Washing  Process." 

Professor  Rau,  Aiz-la-Chapelle :  "  Progress  in  the  Domain  of  the  Recovery 
of  Bye-Products  of  Coke  Ovens"  (in  common  with  Section  II). 
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Eaiserlicher  Rat  Schember,  Vienna :  ''  Practical  Eirving  in  Goal  Mining." 

Engineer  Schulze,  Essen  :  *'  New  Methods  on  the  Domain  of  Mine  Pumping  " 
(in  common  with  Section  III). 

Professor  Schwemann,  Aiz-la-Chapelle :  **  Mine  Workings  and  the  Preserva- 
tion of  Timber." 

Bergassessor  Viebig,  Kray :  ''  Use  of  Reinforced  Concrete  in  Mine  Workings." 

Direktor  Zaringer,  Nordhaasen  :  **  The  Freezing  Process  and  Its  Latest  De- 
velopments.'' 

N.  N. :  ''  Bases  for  the  Uniformity  of  the  Testings  of  Winding  Ropes. " 

N.  N.:  ''  Tubbing  of  Shafts  at  Great  Depths." 

Section  II:  Metallurgy. 

A.  Section  for  Practical  Metallurgy. 

Dr.  Blasberg,  Dahlhausen  :  **  On  the  Change  in  the  Composition  of  Fire- 
proof Stones." 

Hjalmar  Braune  and  Ed  v.  Hubendick,  Stockholm:  *' Production  of  Tarless 
Generator-Gases  from  Bituminous  Fuels  in  the  Light  of  Organic  Chem- 
istry." 

P.  Breuil,  Couillet :  ''Rail  Steels." 

Steel- Works  Manager  Esser,  Differdingen :  ''On  the  Present  State  of  the  Con- 
verter^Process  in  Germany." 

Geh.  Bergrat  Professor  G.  Franke,  Berlin :  "  On  the  Present  State  of  the  Ore- 
Briquetting  and  Agglomerating  Process  in  Germany." 
"On  the  Present  State  of  the  Open-Hearth  Process  in  Germany." 
(a)  Direktor  R.  Genzmer,  Julienhiitte  :  "The  Pig-Iron-Ore  Processes." 
(6)  Oberingenieur  J.  Hofmann,  Witkowitz  :  "On  Gas  Producers  " 
{e)  Oberingenieur  Terpitz,  Hubertushiitte  :  "On  the  Use  of  the  Various 
Kinds  of  Gas  for  Working  Open-Hearth  Furnaces  and  Their  Influ- 
ence on  the  Quality  of  the  Products." 
(d)  Dipl.-Ing.   Friedrich,  Julienhiitte:   "Recent  Improvements  in  the 
Construction  of  Open* Hearth  Furnaces." 

Professor  Herbst,  Aiz-la-Chapelle  :  "  On  the  Development  of  the  Coking  Pro- 
cess as  Regards  the  Construction  of  the  Ovens  and  Improvements  of  the 
Mechanical  Working  Arrangements  "  (in  common  with  Section  I). 

Engineer  Th.  Eautny,  Cologne :  "On  the  State  of  Progress  of  the  Autogenous 
Welding  Processes  in  Germany." 

Oberingenieur  Maleyka,  Berlin:  "  Electricity  in  Metallurgy"  (in  common 
with  Section  III). 

Professor  Mathesius,  Charlottenburg :  "A  New  Method  for  the  Preparation 
of  Iron-Ores." 

Oberingenieur  Mauritz,  Niimberg :  "On  the  Economy  of  the  Various  Ways 
of  Driving  Steel- Works  Blowing-Engines." 

Professor  Dr.  Neumann,  Darmstadt:  "On  the  Present  State  of  Progress  of 
the  Electro-Steel  Processes  in  Germany. " 

Direktor  H.  Ortmann,  Yolklingen  :  "  New  Methods  of  Construction  of  Trains 
of  Rolls  Within  the  Last  Decade"  (in  common  with  Section  III). 

Dr.-Ing.  J.  Puppe,  Dortmund  :  "Results  of  Recent  Investigations  in  the  Do- 
main of  Rolling  Technics  in  Germany." 

Professor  Dr.  Ran,  Aix-la-Chapelle :  "  Progress  in  the  Domain  of  the  Re- 
covery of  Bye-Products  of  Coke  Ovens"  (in  common  with  Section  I). 

N.  N.:  "On  the  Present  State  of  the  Question  of  the  Cleaning  of  Blast- Fur- 
nace Grases  in  Germany." 
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B.  Section  for  Theoretical  Metalluigy. 

Qeheimrat  Professor  Dr.  Borchers,  Aiz-U-CSiapelle :  **  The  Prooedare  in  Con- 
nection with  the  Concentration  and  Befining  Operations  in  the  Winning 
of  Copper,  Their  Acceleration  and  Simplification  bj  Means  of  Electric 
Smelting." 

Dozent  Dr.  Bomemann,  Aix-la-Chapelle  :  **  Electric  Conductivitj  of  the  Me- 
tallic Alloys  in  the  Fluid  Condition." 

DipL-Ing.  Gillhausen,  Aix-la-Chapelle  :  ^*  Heat  and  Material  Balance-Sheet 
of  the  Blast-Fomace." 

Professor  Dr.  Ing.  P.  Goerens,  Aix-la-Chapelle:  ''On  Gases  in  Technical 
Qualities  of  Iron." 

Dr.  Grossmann,  Berlin  :  ''On  the  Newer  Methods  for  the  Determination  of 
Nickel  in  Nickel  Ores  and  Nickel  Steel." 

Professor  Guillet,  Paris:  (o)  "Thermic  Treatment  of  Alloy  Steels;"  (6) 
"Some  Observations  on  Cementation  from  Theoretical  and  Practical 
Points  of  View." 

DipL-Ing.  Joisten,  Aix-la-Chapelle:  "Influence  of  the  Thermic  Treatment 
on  the  Size  of  Grain  of  Iron." 

Professor  Joseph  W.  Richards,  South  Bethlehem,  Pa.:  (a)  "Gruner's  Ideal 
Running  of  the  Blast-Fumace  ; "  (6)  "The  Advantages  of  Dried  Blast.' ' 

Professor  Dr.  Ruer,  Aix-la-Chapelle  :  "  The  System  Iron-Nickel." 

Professor  Dr.  Schenck,  Aix-la-Chapelle  :  "On  th%  Conditions  Governing  the 
Reduction  and  Cementation  of  Iron." 

DipL-Ing.  Weyl,  Aix-la-Chapelle :  "  Cementation  in  a  Vacuum." 

Dr.  Winter,  Bochum  :  "  On  the  Influence  of  Galvanizing  on  the  Strength  of 
Wire." 

Geheirarat  Professor  Dr.  Wiist  and  Dipl.-Ing.  Felser,  Aix-la-Chapelle:  "  The 
Influence  of  Liquation  on  the  Strength  of  Mild  Steel. " 

Geheimrat  Professor  Dr.  Wiist,  Aix-la-Chapelle  :  "The  Influence  of  the  Heat- 
ing and  Drving  of  the  Blast  on  the  Reactions  in  the  Hearth  of  the  Blast- 
Fumace.  " 

Section  III  :  Applied  Mechanics. 

Consulting  Engineer  v.  Bavier,  Diisseldorf :  "  The  Development  of  Fans  and 
Air-Compressors  in  German  Mines  "  (in  common  with  Section  I). 

Oberingenieur  Bernstein,  Cologne  :  "  Hydraulic  Compressors." 

Works  Manager  Giller,  Miilheim  o/Ruhr  :  "  Compressed- Air  Locomotive- 
Haulage  in  Mines"  (in  common  with  Section  I). 

Engineer  Goetze,  Bochum  :  "  New  Methods  in  the  Construction  and  Working 
of  Fans  and  Compressors  "  (in  common  with  Section  I). 

Engineer  Dr.  Hoffmann,  Bochum  :  "  The  Driving  of  Power  Machines." 

Professor  Langer,  Aix-la-Chapelle  :  "  Recent  Experiences  in  the  Working  of 
Gas  Engines." 

Oberingenieur  Maleyka,  Berlin :  "  Electricity  in  Metallurgy  "  (in  common 
with  Section  II]. 

Dipl.-Ing.  C.  Matschoss,  Berlin:  "The  Position  of  Mining  and  Metallurgy 
in  the  History  of  Engineering." 

Direktor  H.  Ortmann,  VSlklingen  :  "New  Methods  of  Construction  in  Con- 
nection with  Trains  of  Rolls  During  the  Last  Decade  "  (in  common^with 
Section  II). 

Oberingenieur  Philippi,  Berlin:  "Electricity  in  Mines'*  (in  common  with 
Section  II). 
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Professor  Dr.  Ing.  b.  c.  Bateau,  Paris :  (a)  '*  Installations  for  the  Utilization 
of  Exhaust  Steam ; "  (6) ''  Turbo-Compressors. " 

Direktor  Begenbogen,  Sterkrade:  ''Turbo-Compressors.'' 

Engineer  Schnlze,  Essen  :  " New  Methods  in  the  Domain  of  Mine  Pumping" 
(in  common  with  Section  II). 

Dipl.-Ing.  Tillmann,  Saarbriicken  :  ''Underground  Haulage." 

Professor  A.  Wallichs,  Aix-la-Chapelle :  "  Armour  Plates,  Their  Manufac- 
ture and  Manipulation." 

Oberingenieur  Mauritz,  Numberg:  "On  the  Economy  of  the  Various  Sys- 
tems of  Driving  Steel- Works  Blowing-Engines  "  (in  common  with  Sec- 
tion II). 

"  Beport  on  the  Experimental  Trials  of  Winding  Engines,"  undertaken  by 
the  "  Verein  fiir  diebergbaulichenlnteressen,"  the  "  Dampfkessel-Uber- 
wachungsverein  of  the  Colleries  in  the  Oberbergamtsbezirk  Dortmund," 
and  the  "  Verein  deutscher  Ingenieure." 

Proposed  VisiU  of  Inspection  of  Sections  7,  //,  and  III  to  Works,  etc. 

Visits  of  Inspection  to  important  mines,  metallurgical  works,  engineering 
establishments,  and  scientific  institutions  are  planned.  Negotiations  with 
reference  to  such  are  already  concluded. 

Section  IV  :  Practical  Greology. 

Professor  Dr.  Ch.  Barrois,  Lille :  "  The  Origin  of  the  Clastiques  Coal  De- 
posits and  the  Erratic  Blocks  Found  in  the  North  of  France." 

Geh.  Bergrat  Professor  Dr.  Beysehlag,  Berlin  :  "  Communication  on  the  Iron 
Supplies  of  the  World. " 

Dr.  Fliegel,  Berlin:  "The  Tectonics  of  the  Lower  Bhine  Inlet  and  Their 
Importance  for  the  Development  of  the  Lignite  Formations. " 

Mining  Engineer  Krahmann,  Berlin  :  "The  New  Mineral  Deposit  Policy  and 
Its  Problems." 

Professor  Dr.  Erusch,  Berlin  :  (a)  "  The  Otavi  Copper  Ore- Deposits  from  the 
Genetic  and  Politico-Economic  Points  of  View ; "  (6)  "The  Badium  De- 
posits and  the  Probable  Development  of  the  Badium  Market" 

Bergassessor  Knkuk,  Bochum :  "  The  Tectonic  Conditions  of  the  Lower  Bhine- 
Westphalian  Coal  Deposits  in  View  of  the  Latest  Explorations.'' 

Beg.-Baumeister  a.  D.  Link,  Essen:  "The  Dams  of  the  Buhr  District  with 
Special  Consideration  of  the  Mohne  Valley  Dam." 

Bergassessor  Macco,  Cologne:  "Mining  Economics,  Their  Substance  and 
Their  Limits  "  (in  common  with  Section  I). 

Mine  Surveyor  Mintrop,  Bochum :  "  On  Artificial  Earthquakes." 

H.  Mortimer-Lamb,  Montreal :  "  The  Unique  Mineral  Beeources  of  Canada." 

Professor  Dr.  Potoni^,  Berlin :  "The  Origin  of  Coal." 

Geological  Engineer  Benier,  Li^  :  "  The  State  of  Our  Knowledge  of  the 
General  Stratigraphy  of  the  Belgian  Coal  District. " 

Director  General  Schulz-Briesen,  Diisseldorf  :  "  Importance  of  Practical  Ge- 
ology in  Science  and  Political  Economy." 

Geh.  Bergrat  Professor  Dr.  Steinmann,  Bonn  :  "On  the  Combined  Ore  Veins 
in  the  Cordilleras  of  South  America." 

Privat-Dozent  Dr.  Wegner,  Miinster:  "Underground  Water  Conditions  of 
the  Miinster  Country." 
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Additional  papers  on  subjects  to  be  commanicated  later  have  been  promised 
by  Messrs.  Dr.  Hartling,  Berlin  ;  Professor  Holz,  Aiz-la«Chapelle  ;  Pro- 
fessor Dr.  Michael,  Berlin  ;  Professor  Dr.  Scheibe,  Berlin  ;  Professor 
Dr.  Stille,  Hannover;  Mine  Surveyor  Wachholder,  Dusseldorf;  and 
Dr.  Wunstorf,  Berlin. 

Proposed  Excursions  and  Visits  of  Inspection  of  Section  IV. 

(a)  Geological  Excursion  (1}  to  2  days)  to  the  Southern  edge  of  the  Miinster 
Chalk  Basin  under  the  leadership  of  Professor  Dr.  Krusch,  Kgl.  Qeologe 
Dr.  Bartling,  and  Bergasseasor  Kukuk. 
1st  day-Leader  :  Professor  Dr.  Erusch  :  Continuous  Section  Through 
Upper  Devonian,  Culm,  and  Poor  and  Rich  Carboniferous  Forma- 
tions, with  Ruhr  Terraces. 
2nd  day- Leader  :  Dr.  Bartling :  Cenomanian,  Labiate  Chalk  and  Dilu- 
vian  Formations. 
(6)  Geological  half-day  excursion  in  the  Lower-Rhine  Lignite  dbtrict  of  Briihl- 

Cologne.     Leader:  Kgl.  Geologe  Dr.  Fliegel. 
(e)  Whole-day  excursion  to  the  Mohne  Valley  dam  works  near  Amsberg. 

Leader :  Kgl.  Regierungsbaumeister  a.  D.  Link. 
(d)  Half-day  excursion  to  inspect  the  Geological  Museum,  the  Earthquake  Sta- 
tion, and  the  Magnetic  Observatoiy  of  the  Westphalian  Mining  Company 
of  Bochum.    Leaders  :  Bergassessor  Kukuk  and  Mine-Surveyor  Mintrop. 

Excursion  to  Brussels. 

In  connection  with  the  Dusseldorf  Meetings,  the  Managers  of  the  Brussels 
World  Exhibition  have  issued  invitations  to  the  members  of  the  Congress  to  pay 
a  visit  to  the  Exhibition  together.     The  provisional  Programme  is  as  follows : 
Friday,  June  24,  Evening:  Reception  by  the  Imperial  Commissioner  in  the 

German  Section  of  the  Exhibition. 
Saturday,  June  25.     Inspection  of  the  Exhibition.     In  the  evening :  Reception 

by  the  Town  in  the  Town  Hall  or  Gala  Performance  in  the  **  Monnaie." 
Sunday,  June  26.     Inspection  of  the  Exhibition  and  of  the  Town.    In  the  even- 
ing :  Banquet  and  Fireworks  given  by  the  Managers  of  the  Exhibition. 


Meetings  of  Other  Societies. 

Ameiican  Institute  of  Electrical  Engineers, — A  meeting  of  the 
American  Institute  of  Electrical  Engineers  will  be  held  at  San 
Francisco,  Cal.,  May  5,  6,  and  7,  1910. 

The  meeting  will  be  under  the  auspices  of  the  High-Tension 
Transmission  Committee.  The  sessions  will  be  held  at  the 
Home  Telephone  Company's  building,  333  Grant  Avenue. 
There  will  be  four  professional  sessions  on  the  first  two  days, 
and  a  tour  of  inspection  on  the  third  day  and  several  days  of 
the  succeeding  week.  Morning  and  afternoon  sessions  will  be 
held  on  each  of  the  first  two  days.  The  following  papers  will 
be  presented  by  their  respective  authors : 
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"    The  Developed  High-Tension  Network  of  a  General  Power 

System,  by  Paul   M.  Downing,  Engineer  of  Operation   and 

Maintenance,  Pacific  Gas  &  Electric  Co. 

•   Hydroelectric  Developments  and  Irrigation,  by  John  Coflee 

Hays,  Consulting  Engineer,  and  President,  Mt.  Whitney  Power 

Co. 

Emergency  Generating  Stations  for  Service  in  Connection 
with  Hydroelectric  Transmission  Plants  under  Pacific  Coast 
Conditions,  by  A.  M.  Hunt,  Consulting  Engineer  and  Past- 
Chairman,  San  Francisco  Section  A.  I.  E.  E. 

Through  the  courtesy  of  the  several  central  California  hydro- 
electric power  companies,  visits  will  be  made  to  the  more  im- 
portant standby  plants  and  receiving  stations  in  the  San 
Francisco  Bay  region  on  Saturday,  May  7,  and  to  the  trans- 
mission-plants and  mountain  generating-stations  the  first  days 
of  the  succeeding  week. 

The  high  character  of  the  papers  which  will  be  presented  at 
this  meeting,  as  well  as  the  valuable  discussion  to  be  expected, 
should  attract  a  large  number  of  engineers,  not  only  from  the 
Pacific  coast,  but  from  other  parts  of  the  United  States. 

The  opportunities  afforded  by  the  proposed  tours  for  observ- 
ing high-tension  transmission-practice  in  central  California  will 
add  greatly  to  the  interest. 

The  American  Society  of  Mechanical  Engineers. — A  meeting  of 
the  American  Society  of  Mechanical  Engineers  will  be  held  in 
Boston,  Mass.,  April  27,  1910,  at  which  meeting  Prof.  C.  M. 
Allen  will  present  a  paper  upon  The  Testing  of  Water- Wheels 
after  Installation. 

Members  of  the  American  Institute  of  Mining  Engineers  are 
cordially  invited  to  attend  these  meetings. 


How  to  Use  the  "Transactions"  of  the  Institute. 

Buy  a  co-py  of  the  Complete  Analytical  and  Alphabetical  Index  of 
Volumes  L  to  XXXY.^  inclusive. 

If  you  own  a  full  set  of  the  Transactions^  this  Index  will  make 
the  whole  of  it  instantaneously  available  without  detailed  re- 
search into  each  volume  separately. 
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If  you  do  not  own  such  a  set,  this  Index  will  be  even  more 
valuable,  for  it  will  show  you  what  particular  papers  you  need 
to  know  more  about,  and  perhaps  to  study.  Thus,  any  person 
possessing  this  Index  can  ascertain  at  once  what  has  been  pub- 
lished in  the  Transactims  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still 
to  be  had  in  pamphlet  form,  where  it  can  be  consulted  in  a 
public  library,  at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  Iransac- 
lions,  this  Index  will  be  a  great  convenience ;  but  to  those  who 
do  not,  it  will  be  a  professional  necessity. 

This  volume  is  an  octavo  of  706  pages,  containing  more  than 
60,000  entries,  duly  classified  with  sub-headings,  and  including 
abundant  cross-references.  It  has  not  been  stereotyped,  and 
the  edition  is  limited  to  1,600  copies.  The  price  of  the  volume, 
bound  in  cloth,  is  $5,  and  bound  in  half-morocco  to  match  the 
Transactions  J  $6.  The  delivery  charges  will  be  paid  by  the 
Institute  on  receipt  of  the  above  price. 


Hydrographic  Chart. 

Owing  to  the  great  value  to  hydrographers  of  the  chart  con- 
tained in  the  paper,  A  Graphic  Solution  of  Kutter's  Formula, 
by  L.  I.  Hewes  and  Joseph  W.  Roe  (Bulletin  No.  29,  May, 
1909,  p.  454),  a  special  edition  for  office  or  field  use  has  been 
printed  on  durable  cloth.  Copies  of  this  separate  chart  may 
be  obtained,  at  a  cost  of  50  cents  each,  on  application  to  the 
office  of  the  Secretary  of  the  Institute. 
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LIBRARY. 

Ambrigan  Institute  of  Elbotrioal  Enqinbbrs. 
Ambrioan  Sooibtt  of  Mbohanigal  Enqinbbrs. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

The  libraries  of  the  above-named  Societies  are  open  from 
9  A.M.  to  9  P.M.  on  all  week-days,  except  holidays,  from  Septem- 
ber 1  to  June  30,  and  from  9  a.m.  to  6  p.m.  during  July  and 

August. 

RULES. 

For  the  protection  and  convenience  of  members,  the  follow- 
ing rules  have  been  adopted : 

The  Secretary  of  each  Society  will,  upon  application,  issue 
to  any  member  of  his  Society  in  good  standing  a  personal,  non- 
transferable card,  entitling  him  to  the  use  of  the  Libraries  in 
the  alcoves  of  the  Beading-Boom.  This  card  must  be  signed 
by  the  person  receiving  it,  and  surrendered  at  the  desk  at 
the  time  of  its  presentation.  At  every  visit  he  must  identify 
himself  by  signing  his  name  in  the  registry. 

The  first  two  alcoves  are  free  to  all ;  and  admission  to  the 
inside  alcoves  is  given  only  upon  proper  introduction. 

The  above  rules  apply  to  all  persons  except  officers  of  the 
three  Societies,  personally  known  as  such  to  the  librarians. 

The  librarians  are  not  permitted  to  lend  to  any  person  any 
catalogued  pamphlet  or  volume,  unless  authorized  in  writing  so 
to  do  by  the  Secretary  or  Chairman  of  the  Library  Committee 
of  the  Society  to  which  the  pamphlet  or  volume  belongs. 

Any  person  discovering  a  mutilation  or  defect  in  any  book 
of  the  libraries  is  requested  to  report  it  to  the  librarian  on  duty. 
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Library  Accessions. 

Mar.  1  to  Apr.  1,  1910. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of  Me- 
chanical Engineers  and  the  American  Institute  of  Electrical  Engineers  can  be 
obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.  ] 

American  Mtjsedm  of  NATiJRAXi  History.  Bulletin.  Vol.  27,  1910.  New 
York,  1910.     (Exchange.) 

Analysis  of  Bocks  and  Minerai^  from  the  Laboratory  of  the  United 
States  Geolooical  Survey,  1880-1908.  (Bulletin  No.  419,  U.  S.  Geo- 
logical Survey.)  Tabulated  by  F.  W.  Clarke.  Washington,  1910.  (Ex- 
change.) 

Ballistic  Electro-Dynamometer  Method  of  Measuring  Hysteresis  Loss 
IN  Iron.  (Buljetin  No.  1,  Engineering  Experiment  Station,  UniveiBity  of 
Kansas.)    By  M.  E.  Bice  and  Burton  McCollom.     Lawrence,  1909.     (Gilt.) 

Belgium.  De  l'Interieur  et  de  l^ Agriculture  Ministere.  Kapport  sur 
la  situation  de  Tlndustrie  min^rale  et  m^tallurgique  dans  la  Province,  190S. 
Frameries,  1909.     (Gift) 

Berg  und  Huttenwesen  im  K5nigreiche  Sachsen.  Jahrbuch,  1909.  Frei- 
berg, 1909.     (Exchange.) 

Canada.    Mines  Department.     Geological  Reconnaissance  of  the  Region  Trav- 
ersed by  the  National  Transcontinental  Rnilway  between  Lake  Nipigon  and 
Clay  Lake,  Ontario.     By  W.  H.  Collins.     Ottawa,  1909.     (Exchange.) 
■    Iron-Ore  Deposits  of  Vancouver  and  Texada  Islands,  British  Columbia. 
By  E.  Lindeman.     Ottawa,  1909.     (Exchange.) 

Joint  Report  on  the  Bituminous  or  Oil  Shales  of  New  Brunswick  and 

Nova  Scotia ;  also  on  the  Oil  Shale  Industry  of  Scotland.     By  R.  W.  Ells. 
Ottawa,  1910.     (Exchange.) 

Preliminary  Report  on  the  Mineral  Production  of  Canada,  1909.    Ottawa, 

1910.     (Exchange.) 

Report  on  the  Investigation  of  an  Electric  Shaft  Furnace,  Domnarfvet. 


Sweden.     Ed.  2.     By  Eugene  Haanel.     Ottawa,  1909.     (Exchange. ) 
Commercial  Value  of  the  Oil  Shales  of  Eastern  Canada.     By  B.  W, 

Ells.     (Advance  paper.  Mining  Society  of  Nova  Scotia.     Journal,  Vol.  15.) 

Halifax,  1910.     (Exchange.) 
Commercialism  and  Journalism.     By  Hamilton  Holt     Boston-New  York, 

1909.  (Gift  of  University  of  California. ) 

Conflict  Between  Private  Monopoly  and  Good  Citizenship.  By  J.  G. 
Brooks.     Boston-New  York,  1909.     (Gift  of  University  of  California.) 

Electric  Haulage  in  No.  5  Colliery.  By  R.  Robertson.  (Advance  paper. 
Mining  Society  of  Nova  Scotia.  Journal,  Vol.  15.)  Halifax,  1910.  (Ex- 
change. ) 

Engineering  Standards  Committee.  Third  Report  of  the  Locomotive  Com- 
mittee on  Standard  Locomotives  for  Indian  Railways.     (No.  50. )    London, 

1910.  (Exchange.) 

Field  Museum  of  Natural  History.    Annual  Report  of  the  Director,  1909. 

Chicago,  1910.     (Exchange.) 
Geology  of  the  Auburn-Genoa  Quadrangles,    (Bulletin  No  137,  New  York 

State  Museum.     By  D.  D.  Luther.     Albany,  1910.     (Exchange.) 
Handelbpreise  fur  Kohle  und  Eisen.     (Reprint,  StM  und  Eiaen,  Na  17, 

1910.)    N.  p.,  n.  d.     (Exchange.) 
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Haulage  System  at  Nos.  8  akd  4  (Collieries.     By  John  Johnston.     (Advance 

paper,  Mining  Society  of  Nova  Scotia.     Journal,  Vol.  15.)    Halifax,  1910. 

(Exchange.) 
Institute  OF  Metals.    Journal.     Vol.2.     London,  1909.     (Exchange.) 
Insubancb  Laws  OP  Pe-^nsylvania,  1909.     Harrisburg,  1909.     (Exchange.) 
Iowa  Geological  Survey.    Annual  Report,  Vol.  19,  1908.     Des  Moines,  1909. 

(Exchange. ) 
Ir(»n-Ore  Deposits  of  Vancouver  and  Texada  Islands,  British  Columbia. 

By  E.  Lindeman.     Ottawa,  1910.     (Exchange. ) 
John  Crerar    Library.     List  of  Current  Medical  Periodicals  and  Allied 

Serials,  Dec.  1909.    Chicago,  1910.    (Exchange.) 
Laverie  magnetiche  bi  Monteponl     By  E.  Ferraris.     Iglesias,  1910.     (Es- 

tratto  dal  BolUtHno  No.  2,  Anno  XV.,  Associazione  Mineraria  Sarsa.   (Gift  of 

Author.) 
Magnetische  Erzaufbereitung  von  Monteponi.     By  E.  Ferraris.     N.  p., 

n.  d.     (Spearatahdruck  aus  der  Osterreiehischen  Zeitsehrift  fur  Bergu,  HuUen* 

voesen,  1909.     (Gift  of  Author.) 
Map  of  the  Eastern  Oregon  Gtold-Field.     By  D.  W.  C.  Nelson.     Baker 

City,  Ore.,  n.  d.     (Gift  of  Author.) 

[Secretary's  Note. — ^This  map  is  a  piece  of  honest  and  effective  work  by  a 
member  of  the  Institute,  who  has  compiled  it  partly  from  his  own  surveys  and 
partly  from  government  records.  It  shows  the  streams,  highways,  railroads,  towns, 
and  working  mines,  with  the  altitudes  of  the  more  important  points.  The  area 
covered  is  42  by  72  miles  in  extent  (covering,  probably,  the  whole  of  the  Eastern 
Oregon  gold-field) ;  and  the  map  itself,  made  on  a  scale  of  one  inch  to  the  mile, 
measures  46  by  76  inches.  It  is  printed  on  cloth-fiber,  in  black  lines  upon  a  white 
ground,  and  will  be  sent  by  Mr.  Nelson,  express-paid,  in  a  paste-board^  tube,  on 
receipt  of  $o.50.  He  announces  also  that,  if  the  map  is  not  satisfactory,  it  may 
be  returned  within  five  days  after  its  receipt,  and  the  price  will  be  refunded.  But 
this  notice  is  superfluous  ;  since  no  one  who  does  not  need  a  map  of  the  Eastern 
Oregon  gold-field  will  be  likely  to  order  this  one,  while  any  one  who  does  need 
such  a  map  will  find  it  to  be  all  that  it  is  asserted  to  be.  The  Secretary's  notices 
are  not  advertisements ;  but  when  a  member  of  the  Institute  has  patiently  per- 
formed a  work  like  this,  I  think  that  he  is  entitled  to  have  it  recognized,  and 
that  his  fellow-members  are  entitled  to  know  how,  and  at  what  cost,  they  can  avail 
themselves  of  the  result  of  his  labor. — R.  W.  R.] 

Mineral  Resources  of  the  United  States,  1908.  Pts.  1-2.  Washington, 
1909.     (Exchange.) 

Mining  Industry  of  Idaho.  Annual  Report,  1  lih.  Boise,  1909.  (Gift  of  In- 
spector of  Mines  of  Idaho.) 

Mining  Society  of  Nova  Scotia.  Journal.  Vol.  14.  Halifax,  1910.  (Ex- 
change. ) 

New  Zealand  Official  Year-Book,  1909.  Wellington,  1909.  (Gift  of  the 
Registrar-General  of  New  Zealand. ) 

Old  Granites  op  the  Transvaal  and  South  and  Central  Africa.  By 
0.  B.  Horwood  and  A.  Wade.  (Extracted  from  Oeological  Magazine^  Oct.- 
Dec.,  1909.     London,  n.  d.     (Gift  of  C.  B.  Horwood.) 

Palisade  Diabase  of  New  Jersey.  By  J.  V.  Lewis.  (From  American  Jour- 
nal of  Science,  Vol.  26.)     N.  p.,  n.  d.     (Exchange.) 
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Peat:  Its  Use  and  Mai^ufacturis.    By  P.  R.  Bjorling  and  F.  T.  Qusing. 

London,  C.  Griffin  &  Co.,  1907.     (Gift  of  J.  B.  LippincoU  Co.) 
Commercial  Peat  :  Its  Uses  and  Possibilities.    By  F.  T.  Gissing.     London, 

1910.     (Gift  of  J.  B.  LippincottCo.) 

[Secretary's  Note. — These  two  books  belong  together ;  but  of  the  two  authon 
to  whom  the  late  Sir  Clement  I^  Neve  Foster  originally  suggested  the  preparation 
of  the  treatise,  Mr.  P.  B.  Bjorling  died  before  the  issue  of  the  first  of  the  two. 
The  responsibility  and  the  credit  of  both  may  therefore  be  given  with  justice  to 
the  survivor,  Mr.  Gissing,  though  without  detracting  from  the  merit  of  his  former 
co-worker.  The  selection  of  either  by  Clement  Le  Neve  Foster  is  a  guaranty  of 
the  value  of  the  work,  which  an  inspection  of  it  amply  confirms. 

In  these  days  of  ardent  (though  not  always  intelligent)  interest  in  the  conserva- 
tion of  natural  resources — especially  those  of  fuel — the  revelation  and  establishment 
of  new  resources  is  as  pertinent  as  the  hoarding  of  those  better  known  and  more 
highly  rated  ;  and  the  economic  importance  of  peat,  often  prematurely  empha- 
sized heretofore,  is  fast  approaching  (if  it  have  not  already  reached,  in  some  locali- 
ties) the  psychological  moment  when  it  will  command  wide-spread  attention. 
During  many  years  the  utilization  of  peat  has  been  quietly  increasing,  both  in 
extent  and  in  scientific  knowledge  ;  and  these  two  books  will  supply  to  engineers 
a  timely  summary  of  both  branches  of  the  subject  Taken  together,  they  furnish 
a  complete  statement  of  the  formation,  growth,  distribution,  and  uses  of  peat,  with 
descriptions  of  the  methods  and  machines  involved,  which  it  would  be  difficult  to 
find  so  collected  and  compacted  anywhere  else.  Those  who  have  heretofore  re- 
garded peat  as  merely  an  inferior  kind  of  fuel  will  be  surprised  and  enlightened 
to  learn  its  value  for  the  production  of  alcohol,  ammonia,  and  nitrates ;  as  a  mate- 
rial for  the  manufacture  of  paper,  etc  Even  in  the  department  of  simple  fuel, 
its  economic  efficiency  in  the  form  of  fuel-gas  claims  wider  recognition  than  it 
has  yet  received.  The  professional  world  is  indebted  to  Mr.  Gissing  for  this  use- 
ful and  helpful  statement  of  a  subject  so  important. — B.  W.  B.] 

Pennsylvania.     Aqricttlture  Department.     Annual  Beport,   14th,   1908. 

Harrisburg,  1908.     (Exchange.) 
Insurance  Commissioner.     Annual  Beport,  36th,  1908.     Harrisburg, 

1909.     (Exchange.) 

Internal  Affairs  Department.    Annual  Beport  of  the  Secretary. 


Pt  III.,  VoL  36,  1908.     Harrisburg,  1909.     (Exchange.) 
Petrography  of  the  Newark  Igneous  Bocks  of  New  Jersey.    By  J.  V. 

Lewis.     (From  Annual  Beport  of  the  State  Geologist  for  1907.)    Trenton, 

1908.     (Exchange.) 
Phelps,  Dodge  &  Co.   Annual  Beport,  1909.   New  York,  1909.   (Gift  of  Phelps, 

Dodge  &  Co. ) 
Physiography  of  the  St.  Louis  Area.     (Bulletin  No.  12,  Illinois  State  Geo- 
logical Survey. )    By  N.  M.  Fenneman.     Urbana,  1909.    (Exchange.) 
Preliminary   Beport   on   the  Mineral  Production  of  Canada,   1909. 

Ottawa,  1910.    (Exchange.) 
Reconnaissance  of  Some  Mining  Camfs  in  Elko,  Lander,  and  Eureka 

Counties,  Nevada.     (Bulletin  No.  408,  U.  S.  Geological  Survey.)    By  W. 

H.  Emmons.     Washington,  1910.     (Exchange.) 
BoYAL  Society  of  New  South  Wales.     Journal  and  Proceedings.     Vols.  42- 

and  43,  Pt  1.     Sydney,  190^-1909.     (Exchange.) 
Smull's  Legislative  Hand-Book  and  Manual  of  the  State  of  Pennsyl 

VANiA,  1909.     Harrisburg,  1909.     (Exchange.) 
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SociEDAD  Geologic  A  Mexicana.      Boletin.     Tomo  6.     Mexico,    1909.     (Ex- 
change. ) 

Society  db  l' Industrie  Minerale.     Bulletin.     Vols.  1-5  ;  Ser.  2,  Vols.  1-7. 
Paris,  1855-1869, 1872-1878.     (Purchase.) 

Tables  g^^rales  des  mati^res.     Vols.  1-15.    Saint  Etienne,  1871.     ((Pur- 
chase.) 

Atlas.     Vols.  1--55 ;  Ser.  2,  Vols.  1-4,  5,  Nos.  2-3  ;  Vol.  6  ;  Vol.  7,  Nos. 


1-3.    Saint  Etienne,  1855-1869,  1872-1878.     (Purchase.) 

Society  of  Naval  Architects  and  Marine  Engineers.  List  of  Members, 
1910.     Brooklyn,  n.  d.     (Gift  of  Society  of  Naval  Architects,  etc.) 

Statutes  at  Large  op  Pennsylvania  from  1682-1801.  Vol.  13, 1787-1890. 
Harrisburg,  1908.     (Exchange.) 

Tables  Relatin(4  to  the  Output  of  Coal  and  Other  Minerals  and  the 
Number  of  Persons  Employed  at  Mines  Worked  Under  the  Coal  and 
Metalliferous  Mines  Regulation  Acts,  1909.  (Great  Britain.  Mines 
and  Quarries :  General  Beports  and  Statistics.)    London,  1910.     (Exchange.) 

Temiskaming  and  Northern  Ontario  Railway  Commission.  Report  on 
Mining  and  Power  Development,  1909.  By  A.  A.  Cole.  Toronto,  1910. 
(Gift  of  J.  L.  Englehart.) 

Thayer  School  of  Civil  Engineering.     Annual,  1909.    N.  p.,  1909.    (Gift.) 

Transvaal  Mines  Department.  Annual  Report  of  the  Government  Mining 
Engineer,  1909.     Pretoria,  1909.     (Exchange.) 

Tungsten:  Moose  River  Schs  elite  Veins.  By  A.  A.  Hay  ward.  (Advance 
paper,  Mining  Society  of  Nova  Scotia.  Journal,  Vol.  15.)  Halifax,  1910. 
(Exchange. ) 

U.  S.  Bureau  of  Steam  Engineering.  Annual  Report,  1907, 1908.  Washing- 
ton, 1907,  1908.     (Gift.) 

U.  S.  Coast  and  Geodetic  Survey.  Report  of  the  Superintendent,  1908-1909. 
Washington,  1909.     (Exchange.) 

U.  S.  Mint.  Report  of  Director  of  the  Mint,  1908.  Washington,  1910.  (Ex- 
change. ) 

Use  of  Coke  Oven  Gas  as  Fuel.  By  T.  J.  Brown.  (Advance  paper,  Mining 
Society  of  Nova  Scotia.     Journal,  Vol.  15.)    Halifax,  1910.     (Exchange.) 

Gift  of  Engineering  and  Mining  Journal. 

American  Water  Works  Association.     Proceedings  of  29th  Annual  Conven- 
tion, 1909.    Baltimore,  n.  d. 
Canada.      Mines    Department.      Geological  Reconnaissance  of  the  Region 

Traversed  by  the  National  TranscontineDtal  Railway  between  Lake  Nipigon 

and  Clay  Lake,  Ontario.     Ottawa,  1909. 
Crane,  R  T.     Utility  of  all  Kinds  of  Higher  Schooling.     Chicago,  1909. 
Illinois  State  Geological  Survey.    Physical  Features  of  the  Des  Plaines 

Valley.     (Bulletin  No.  11.)    Urbana,  1909. 
LoNGOBARDi,  E.    Alguuas  Investigacloues  sobrc  los  Petroleos  Argentines.   Buenos 

Aires,  1909. 
Michigan  Biological  Survey.     An  Ecological  Survey  of  Isle  Royale,  Lake 

Superior.     Lansing,  1909. 
Pennsylvania.     Mines  Department.    Report,  1908.     Pt.  1 — Anthracite;  Pt, 

2 — Bituminous.     Harrisburg,  1909. 
Peru.     Ministerio  de  Fomento.     Boletin  del  Cuerpo  de  Ingenieros  de  Minas,  No. 

70.     Lima,  1909. 
Rengadb,  E.   Analyse  thermique  et  M^tallographie  microscopique.    Paris,  1909. 
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Stierlin,  £.    Ueber  die  medizinischen  Folgezustande  der  Kataetrophe  von  Cour- 

ridres  (10  Man,  06).     Berlin,  1909. 
U.  S.  Education  Commissioneb.     Report,  1909,  VoL  1.     Washing^ton,  1909. 
U.  S.  Geological  Survey.     Bulletin  Nos.  408,  41^.     Washington,  1910. 

Water-Supply  Paper  No.  238.     Washington,  1910. 

U.  S.  Labor  Commissioner.     Annual  Beport,  23d.    Washington,  1909. 
Virginia  Geological  Survey.    Cement  Beeouroee  of  Virginia  West  of  the 

Blue  Ridge.     (Bulletin  No.  II.-A.)    Charlottesville,  1909. 
Watteyne  V.  ET  St  ASSART,  S.     Les  mines  et  les  ezplosifs  an  VII.  me  Congres 

International  de  Chimie  appliqu^  a  Londres  en  1909.     Bruzelles,  1909. 
West  Virginia  Geological  Survey.    County  Reports  of  Marshall,  Wetzel, 

and  Tjler  Counties  and  Maps.     Morgantown,  1909. 
Wt^ST,  F.     Mitteilungen  aus  dem  eisenhuttenmannischen  Institut  der  KonigL 

techn.  Hochschule  Aachen.     Vol.  3.     Halle  a.S.,  1909. 


Trade  Catalogues. 

Asbestos  Protected  Metal  Co.,  Clinton,  Mass.     Asbestos  protected  metal  for 
roofing,  siding,  ceiling,  and  interior  finish.     8  pages. 

DiLLON-Box  Iron  Works  Co.,  Denver,  Colo.  Bulletin  No.  48.  Mine-timber 
framing  machine.     1  page. 

DoNEGAN  &  Swift,  New  York,  N.  Y.  Clinker-crushing  shaking  grate ;  steam- 
furnace  blower ;  grates  for  boiler- furnaces.     32  pages. 

General  £lectric  Co.,  Schenectady,  N.  Y. 

Prlce-List  of  G.  E.  Tantalupi  incandescent  lamps.     5  pages. 
November,  1909,  Index  to  G.  £.  Bulletins.     9  pages. 

Supplement  No.  2.     Supplement  to  General  Supply  Catalogue  No.  4645.     22 
pages. 

Jeffrey  Manufacturing  Co.,  Columbus,  O. 

Booklet  No.  35.     Jeffrey  belt  conveyors.     24  pages. 
Booklet  No.  36.    Jeffrey  spiral  conveyors.     20  pages. 

Program  of  the  Jeffrey  sales  convention  of  1910.     (Mining  Department.)     16 
pages. 

J.  Geo.  Leyner  Engineering  Works  Co.,  Littleton,  Colo. 

Bulletin  No.  1012  of  the  Drill  Department ;  Reprint :  Tannel  Driving  in  Colo- 

rado,     8  pages. 
Bulletin  No.  1013.     Diagram  of  the  ^'  Leyner  Cut*'  for  a  drift  or  tunnel.     2 
pages. 

Pullman  Automatic  Ventilator  Mfg.  Co.,  York,  Pa.  Pullman  ventilating- 
cowl  for  buildings.     1  page. 

ScHOEN- Jackson  Co.,  Media,  Pa.  Flexible  metal  tubing  and  connections  for 
pressures  up  to  4,000  pounds  from  steel,  brass,  copper,  for  steam,  gas,  oil,  and 
conduits.     15  pages. 

Society  dks  Hauts  Forneaux  et  Fonderies,  Pont-a-Mousson,  France.  Hand- 
book containing  tables  of  dimensions  used  in  manufacturing  iron  pipes,  joints, 
etc.,  and  useful  information  on  molds,  pumps,  pipes,  sewer-covers,  etc  230 
pages. 

Strombbro-Carlson  Telephone  Mfg.  Co.,  Rochester,  N.  Y.  Bulletin  No. 
1000.     Mine  telephones  of  different  types.     10  pages. 

Terry  Core  Drill  Co.,  New  York,  N.  Y.  Catalogue  of  core-drills  for  pros- 
pecting, testing,  blasting,  etc.     60  pages. 
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United  Engineering  Society  Library. 

Album  deb  produits  commerciaux  of  Comfagnie  des  Foboes  et  Aci^ries 
DE  i^  Marine  et  d'Homegourt,  1909.    PariS)  1909.     (Gift) 

HoLTZER,  Jacob  ACiE.  Notice  sur  rExpositioD  Internationale  de  I'Est  de  la 
France,  Nancy,  1909.     Paris,  1909.     (Gift  of  Publishers.) 

Trade  Catalogues. 
GiROD  FuRVACE?,  Ugine,  Savoie.   Electric  Steels  by  the  Girod  process.    16  pages. 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons 
elected  as  members  who  accepted  election  daring  the  month 
of  March,  1910: 

Members. 

Christopher  Bruns,  Jr., Cumanayagua,  Saata  Clara,  Cuba. 

William  W.  Charles, Tonapah,  Nev. 

Arthur  O.  Christensen, Sombrerete,  Zacatecas,  Mexico. 

Haloolm  M.  Gralbraith, Amboj,  CaL 

Charles  B.  Hollis, Randolph,  Vt. 

fienzo  Katsura, New  York,  N.  Y. 

J.  Wilfrid  Newbery, Kalgoorlie,  Western  Australia. 

Benjamin  G.  Patterson, Mt.  Morgan,  Queensland,  Australia. 

Walter  I.  Phillips, Cheyenne,  Wyo. 

James  H.  Polhemus, Carterville,  Mo. 

Iiring  L.  Byder, San  Jos^,  Cal. 

Alexander  Sharp, Orient,  Wash. 

Hedley  V.  Smytlie, Bay  of  Islands,  Newfoundland,  Canada. 

W.  Rogers  Wade, Tyrone,  N.  M. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  for  election  as 
members  of  the  Institute  during  the  month  of  March,  1910. 
Their  names  are  published  for  the  information  of  members 
and  associates,  from  whom  the  Committee  on  Membership 
earnestly  invites  confidential  communications,  favorable  or  un- 
favorable, concerning  these  candidates.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the 
residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  communications,  before  any  action  upon  these  names 
by  the  Committee.  After  the  lapse  of  this  period,  the  Com- 
mittee will  recommend  action  by  the  Council,  which  has  the 

power  of  final  election. 

Members. 

J.  F.  Austin, Monterey,  Mexico. 

Z.  S.  Beyl, San  Rafael,  Argentine  Republic,  S.  A. 

Edwin  Snow  Bualioh, Searchlight,  Nev. 

John  W.  Boileau, Pittsburg,  Pa. 

Edward  Ilaviland  Coxe, Birmingham,  Ala. 
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William  Neville  Cummins, Worth,  W.  Va. 

Benjamin  F.  C.  Haanel, Ottawa,  Canada. 

William  W.  Heame, Philadelphia,  Pa. 

Jules  Labarthe, Trail,  B.  C,  Canada. 

Nathan  Oliver  Lawton, Miami,  Ariz. 

Bertie  Harcourt  Moore, Kalgoorlie,  Western  Australia. 

Walter  Leonard  Morrison, Brooklyn,  N.  Y. 

Bobert  Lewis  Parxish, Covington,  Ya. 

Theodore  H.  Proeke, Denver,  Colo. 

Ludwig  Bose, New  York,  N.  Y. 

Charles  C.  Selbie, South  Pasadena,  Cal. 

Oscar  Simmersbach, Breslau,  Germany. 

Lyon  Smith, Cortez,  Nev. 

Maxwell  Stevenson,  Jr. , Philadelphia,  Pa. 

Bruno  Thomas, Seattle,  Wash. 

Frank  Leonard  Torres, Monterey,  Mexico. 

Kisaburo  Yamaguchi, Tokyo,  Japan. 

Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  re- 
ceived at  the  Secretary's  oflSce  during  the  month  of  March, 
1910.  This  list,  together  with  the  lists  published  in  Bulletin 
Nos.  38,  February,  and  89,  March,  1910,  therefore,  supplements 
the  annual  list  of  members  corrected  to  Jan.  1, 1910,  and  brings 
it  up  to  the  date  of  Apr.  1,  1910.  The  names  of  members  who 
have  accepted  election  during  the  month  (new  members)  are 
printed  in  italics, 

ANDER9EN,  Carl Care  Johnnie  Min.  A  Mill  CJo.,  Johnnie,  Nye  Co.,  Nev. 

Anderson,  R.  Wilson 403  Minnequa  Ave.,  Pueblo,  Colo. 

Armstrong,  John  O Lloyd  Copper  Co.,  Lul.,  Burraga,  N.  S.  W.,  Aust 

ASHMORB,  E.  P.... P.  O.  Box  1070,  Cobalt,  Ont,  Canada. 

Barclay,  Thomas  H Ca8illa447,  Santiago,  Chile,  So.  Am. 

Boyd,  Augustus  W 519  Madison  Ave.,  Spokane,  Wash. 

Bradlee,  Dudley  H.,  Jr 18  Forest  St.,  Medford,  Mass. 

Bradshaw,  Frederick,  Genl.  8upt.,Tonopah -Belmont  Development  Co. , 

Tonopah,  Nev. 

Broad,  Wallace Changsha,  Hunan  Prov.,  China. 

Brown,  Alfred "  Ilfraeombe,"  Dover  St.,  Malvern,  So.  Australia. 

Brown,  Freivbrick  C 1217  N.  9th  St,  Boise,  Idaho. 

Brown,  Harvey  S 310  N.  6th  St.,  Victor,  Colo. 

Brown,  Joseph Ozark  Smelting  A  Mining  Co.,  Kelly,  N.  M. 

♦J?n/rw,  Christopher  X.,  Jr.,  Min.  Engr.,  Mina  Carlota,  Cumanayagua, 

Santa  Clara,  Cuba.     '10. 

Buell,  Lloyd  T Care  New  Cornelia  Copper  Co.,  Gila  Bend,  Arii. 

BuLKLEY,  Frank 850  Equitable  Bldg.,  Denver,  Colo. 

BuLLEN,  James Trewavas,  Newtown,  Cross  Keys,  near  Newport,  England. 

Carhart,  Winfield  S 1420  Court  PL,  Denver,  Colo. 
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Gates,  Louis  S....Gare  Utah  Copper  Co.,  McCornick  Block,  Salt  Lake  Citj,  Utah. 
*Charle$j  William  W.y  C'OmptroUer,  Tonopah  Mining  Co.,  of  Nerada, 

Tonopah,  Nev.    '10. 

*ChriMtensenf  Arthur  O.,  Mine  Supt Sombrerete,  Zac.,  Mexico.     40. 

CoLCOBD,  Frank  F.,  Care  U.  S.  Metals  Refining  Co.,  42  Broadwaj, 

New  York,  N.  Y. 
CoLLBRAK,  Arthur  H.,  Genl.  Mgr.,  Seoul  Min.  Co.,  Care  Suan  Mine, 

Pyeng  Yang,  Korea. 

Collins,  Francis  W 654  W.  ISlstSt,  New  York,  N.  Y. 

Cooke,  Henry  M.  A.,  Supt,  Balaghat  Gold  Mining  Co.,  Ltd., 

CoromandelP.  O.,  KolarGold  Field,  So.  India. 

CoRKiLL,  Frederick 2611  Ashbj  Ave.,  Berkeley,  Cal. 

Cox,  Thomas 668  29th  St.,  Oakland,  CaL 

De  Armond,  Charles  F.,  Care  Crown  Mines,  Ltd.,  Box  158, 

Fordsburg,  Transvaal,  So.  Africa. 
Derby,  Henry  S.,  Seoty.  and  Mgr.,  Chicago  Exploration  Co., 

757  Railway  Exchange,  Chicago,  111. 

DissiNOER,  Earl Sevier  Mine,  Sevier,  Utah. 

Dixon,  Alexander  Q Care  Fresnillo  Mining  Co.,  Fresnillo,Zac.,  Mexico. 

Douglass,  Boss  E Care  Braden  Copper  Co.,  Rancagaa,  Chile,  So.  Am. 

DuFFiELD,  Morse  F 416  Felt  Bldg.,  Salt  Lake  City,  Utah. 

DuoQAN,  George  H.,  Care  Dominion  Bridge  Co.,  Lachine  Locks, 

Prov.  Quebec,  Canada. 

Ellam,  a.  Spencer Axim,  Gold  Coast  Colony,  West  Africa. 

Emmons,  William  H Care  U.  8.  Geological  Survey,  Washington,  D.  C. 

Emrich,  Horace  H.,  Care  Copper  Refinery,  Kyshtim  Mining  Works, 

Kyshtim,  Govt  of  Perm,  Russia. 

English,  Norrib 821  Mills  Bldg.,  San  Francisco,  Cal. 

Evans,  George  W.,  Washington  Geological  Snrvey,  University  Sta., 

Seattle,  Wash. 

Eye,  Clyde  M Aroroy,  Masbate,  P.  I. 

FoGH,  H.P 1403  Howell  St,  Seattle,  Wash. 

Frank,  Albert Esperansa  Mining  Co.,  ElOro,  Mex.,  Mexieo. 

Freymuth,  William  a P.  O.  Box  116,  Rangoon,  Burma. 

*Oalbraithj  MaloolmM,^  Min.  Engr.,  Orange  Blossom  Extension  Mining. 

&  Milling  Co.,  Amboy,  Cal.     '09. 

Gregson,  William  H Instructed  to  hold  all  mail. 

Gunn,  George  E.,  Prest  and  Mgr.,  Gunn-Thompson  Co., 

205-6  Newhouse  Bldg.,  Salt  Lake  City,  Utah. 

Hand,  Carlton  H 1934  Norwood  St,  Los  Angeles,  Cal. 

Hanks,  Abbot  A 630 Sacramento  St.,  San  Francisco,  Cal. 

Henry,  John  L 76  Laurel  St ,  Oakland,  Cal. 

Hodge,  Walter  R Bodie,  Okanogan  Co.,  Wash. 

HoLBRooK,  Elmer  A 61  Clinton  St,  Fitchburg,  Mass. 

*HoUi8y  Charles  B,,  Supt,  Eastern  Talc  Co Box  489,  Randolph,  Vt    '10. 

Holland,  L.  F.  S.,  Smuggler-Union  Mining  Co Smuggler,  Colo. 

Hughes,  Hugh Beach  vale,  Bearsden,  near  Glasgow,  Scotland. 

Jeffs,  Lewis  A 416  Felt  Bldg.,  Salt  Lake  City,  Utah. 

Johnson,  Alexander  T 634  So.  Bonnie  Brae  St,  Los  Angeles,  CaU 

Kamiyama,  Tatsuzo,  Inspector  of  Mining  Bureau Tokyo,  Japan. 

*Kat»u.ra,  BenzOf  Prof,  of  Met.,  Imperial  Tokyo  Univ.,  Care  Takata  &  Co., 

60  Church  St,  New  York,  N.  Y.     '09. 
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KsNNST,  Charles  £ Care  Standard  Cons.  Mining  Co.,  Bodie,  Mono  Co.,  Cal. 

KiHHBL,  HabryB 1540  £.  49tb  St.,  Cleveland,  Ohio. 

*Knappt  Oeorge  F.y  £.  K.  Breitang  &  Co.,  Rockefeller  Bldg. , 

Cleveland,  Ohio.     '87. 

Law,  Robert  B Inetructed  to  hold  all  mail. 

Lefevre,  Henry  F Care  R.  Lehman  &  Ca,  Cape  Graciaa,  Nicaragua,  C.  A. 

LiviNOBTOXE,  Robert Lethbridge,  Alta.,  Canada. 

LoNOWELL,  Alexander 24  Adelaide  St.,  W.,  Toronto,  Ont.,  Can. 

LoRiNO,  WiLUAM  J.,  Care  Bewick,  MoreingA  Co.,  62  London  Wall, 

London,  £.  C,  England. 

Mc£w£N,  Alfred  F Instructed  to  hold  all  mail. 

Mackat,  Anotjs Care  J.  £.  Kennedy,  120  Liberty  St.,  New  York,  N.  Y. 

Mackay,  Henry  S P.  O.  Box  846,  Riverside,  Cal. 

Matjney,  a.  C 610  S.  Main  St.,  Salisbury,  N.  C. 

Mills,  Edwin  W Care  Korea  Syndikat,  Sensen,  Korea. 

Morris,  Henry  C 1  W.  Slst  St.,  New  York,  N.  Y. 

Morrow,  John  T 26  Broad  St,  New  York,  N.  Y. 

Morton,  £rlbD P.  O.  Box  133,  Hollywood,  Cal. 

Moes,  Cleveland  O.,  Sopt Sierra  Morena  Mine,  Paso  Robles,  Cal. 

MuNRo,  Duncan  M Martintown,  Ont,  Canada. 

Murphy,  Thomas  D Instructed,  to  hold  all  mail. 

*Newberyf  J,  WUfridf  Min.  £ngr.,  Care  Bewick,  Moreing  &  Co., 

Kalgoorlie,  West  Australia.     '09. 

Nif>8EN,  Peter  N 21  Washington  Ave. ,  Toronto,  Ont,  Canada. 

North,  Edmund  D Instructed  to  hold  all  mail. 

^Baitersony  Benjamin  G.,  Min.  Engr Mount  Morgan,  Queensland,  Aust     '09. 

Perry,  Robert  S 3600  Stokley  St,  Falls  of  Schuylkill,  Philadelphia,  Pa. 

*Phmip6y  Walter  /.,  Min.  Engr.  and  Met,  Bartlett  Engr.  Co.,  Box  351, 

Cheyenne,  Wyo.    '10. 
*Polheinu8f  James  J/.,  Cons.  Engr.,  Am.  Zinc,  Lead  &  Smelting  Co., 

Carterville,  Mo.     '10. 

Pritchard,  DeV.  G Prince  Albert  Road,  Cape  Colony,  So.  Africa. 

Putnam,  Dana  Q.,  Supt,  Qualcala  Mines  Co.,  Tnquerres, 

Colombia,  So.  America,  via  Panama  y  Tnmaoo. 
Revett,  B.  Stanley,  Prest  and  Genl.  Mgr.,  Reliance  Gold  Dredging  Co., 

Brecken  ridge,  Colo. 

Richards,  Thomas 1  Canowie  Road,  Redland  Green,  Bristol,  England. 

RfCKARD,  Arthur  J Stockcamber  House,  Penryn,  Cornwall,  England. 

Robins,  Thomas Park  Row  Bldg.,  New  York,  N.  Y. 

Roote,  Gilbert  J Lnss  Bldg.,  San  Francisco,  Cal. 

RuoGLES,  Guy  H Care  Ray  Cons.  Copper  Co.,  Kelvin,  Ariz. 

*  Ryder  f  Irving  L.,  Min.  and  Civ.  Engr ..655  So.  4th  St.,  San  Diego,  Cal.     '10. 

Sanders,  W.  E Fairview  Landing,  via  Golconda,  111. 

Schneider,  Albert  F Gregson  Hotel,  Santa  Barbara,  Cal. 

Schader,  Herbert  G Oatman,  Mohave  Co.,  Ariz. 

Sears,  Stanley  C,  Descubridora  Min.  &  Smltg.  Co., 

Descubridora,  Dur.,  Mexico. 
*Skarpy  Alexander,  Min.  Engr.,  First  Thought  Gold  Mines... Orient,  Wash.  '10. 
Shelby,  Charles  F.,  Care  Cerro  de  Pasco  Mining  Co.,  La  Fundicion, 

Peru,  So.  Amer. 

Smith,  Howard  I Finleyville,  Pa. 

*Smythe,  Hedley  F.,  Mine  Mgr.,  York  Harbor,  Bay  of  Islands, 

Newfoundland.     '10. 
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SoEST,  Walter  £ Care  Foreign  Club,  Chihuahua,  Mexico. 

Stacpoole,  Adam  R Instructed  to  holdall  maiL 

Stephen,  Alfred  E Webbe  Ave.,  Aahfield,  Sydney,  N.  S.  W.,  Australia. 

Stewart,  Howard  R 11  Campau  Bldg.,  Detroit,  Mich. 

Straw,  Charles  A Lansford,  Pa. 

Taylor,  William  W.,  Vioe-Prest.  andGenl.  Mgr., 

Oriskany  Ore  &  Iron  Corpn.,  Iron  Gate,  Va. 

Thomson,  Robert  W Stewart,  Portland  Canal,  B.  C,  Canada. 

Thurston,  E.  Coppee 30  Church  St,  New  York,  N.  Y. 

Trerise,  Josiah  H Copperopolis,  Calaveras  Co.,  Cal. 

Tucker,  Albert  W.,  Mgr.,  Gold  Hill  Consolidated  Co.,  and  Cons.  Engr., 

Union  Copper  Mines  Co. ,  Gold  Hill,  N.  C. 

Underwood,  A.  J 1103  Story  Bldg.,  Los  Angeles,  Cal. 

ViGEON,  E.  C,  United  Rhodesia  Gold  Fields,  Ltd.,  P.  O.  Box  94, 

Salisbury,  Rhodesia,  So.  Africa* 

*Wade,  W.  Rogers,  Min.  Engr Tyrone,  N.  M.     *10. 

Washburne,  Chester  W Care  U.  S.  Geological  Survey,  Washington,  D.  G 

Wells,  Frank  B Care  Midas  Gold  Mining  Co.,  Knob,  Shasta  Co.,  Cal. 

Wells,  James  S.  C 879  West  End  Ave.,  New  York,  N.  Y. 

Wenstrom,  Olof 84  State  St.,  Boston,  Mass. 

WiCKES,  L.  Webster 818  Story  Bldg.,  Los  Angeles,  Cal. 

Wilcox,  George... Care  W.  Ames  &  Co..  312  Washington  St.,  Jersey  City,  N.  J. 
Wilding,  Jambs,  Jr.,  Care  Wilding  <& Keller,  Apartado  184, 

Parral,  Chih.,. Mexico. 

WoAKES,  Ernest  P 88  Fellows  Road,  London,  N.  W.,  England. 

Yung,  Morrison  B.,  Care  Jun  Wah  Co.,  313  Des  Voeux  Road,  Hong  Kong,  China. 

Addrbssbs  of  Members  and  Associates  Wanted. 

Name.  Lost  Address  on  Records,  firom  which  Mali  has  been  Returned. 

Alexander,  George  E., Sparta,  Ore. 

Badger,  Harry  S., Gold boro,  N.S.,  Canada. 

Bartoccini,  Astolfo, 214  E.  90th  St,  New  York,  N.  Y. 

Basselt,  Thomas  B., Cumpas,  Sonora,  Mexico. 

Batchelder,  Joseph  F., 54  1st  St,  Portland,  Ore. 

Bellam,  Henry  L., Reno,  Nev. 

Bouchelle,  James  F., 22  Duncan  Ave.,  Jersey  City,  N.  J. 

Brown,  Frank  H., Coppermount,  Alaska. 

Campa,  Jose, Mexico  City,  Mexico. 

Cragoe,  A.  Spencer, Vencedora,  Mexico. 

Daniel,  Mark, United  Elkhom  Mines,  Baker  City,  Ore. 

Dickson,  George  H., Lethbridge,  Alberta,  Canada. 

Donnewald,  Albert  H., 3709  Finney  Ave.,  St  Louis,  Mo. 

Dougherty,  Clarence  E., 41  Wall  St,  New  York,  N.  Y. 

Downs,  M.  E. 26  Broad  St,  New  York,  N.  Y. 

Ekberg,  Benjamin  P., Johannesburg,  Transvaal,  So.  Africa. 

Field,  Wilfrid  B., Mexico  City,  Mexico. 

Fitch,  Frank, Black  Mt.  Min.  Co. ,  Magdalena,  Mexico. 

Foster,  Lewis  E., Utah  Copper  Co.,  Garfield,  Utah. 

Gaines,  Ambrose  P., Dayton  Coal  &  Iron  Co.,  Dayton,  Tenn. 

Gee,  Emerson, Reno,  Nev. 

Gepi)ert,  Richard  M., Ray,  Ariz. 
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Hirachberg,  Max  R, 343  St.  Nicholas  Ave.,  New  York,  N.  Y. 

Hunt,  Thatcher  B., Iron  Mt.,  via  Keswick,  Ca]. 

Jewett,  Eliot  a,    .......   .  2918  Morgan  St,  St.  Louis,  Mo. 

Kow,  Tong  Sing, Shanghai,  China. 

McCan,  R  K., Braden  Copper  Co. ,  Graneros,  Chile,  S.  A. 

McGregor,  J.  Murray, 3  Minanciho,  Ushigome,  Tokyo,  Japan. 

Mildon,  Reginald  B., Nacozari,  Son.,  Mexico. 

Moulton,  Herbert  G., Cobalt,  Ont.,  Canada. 

Muir,  Thomas  K., Portland,  Ore. 

Perkins,  Walter  G., McGill,  Nev. 

Piper,  John  W.  H., Buenos  Ayres,  Argentine  Rep.,  S.  A. 

Potter,  J.  A., 41  W.  124th  St.,  New  York,  N.  Y. 

Sandifer,  Harmer  C, El  Oro,  Mexico. 

Scott^  Winfield  G., Long  Beach,  Cal. 

Skelding,  Joseph  F., Embreeville,  Tenn. 

Thomas,  Richard  A., 43  WaU  St,  New  York,  N,  Y. 

Weddle,  Joseph  H., San  Juancito,  Honduras,  C.  A. 

Wilson,  Odell, Shingle,  Cal. 

Wolfe,  Burton  L., Ely,  Nev. 

Yates,  Edwin  F., P.  O.  Box  25,  Rawhide,  Nev. 

Young,  William, Kenora,  Ont,  Canada. 

Necrology. 

The  deaths  of  the  following  members  have  been  reported  to 
the  Secretary's  office  during  the  month  of  March,  1910 : 

Date  of 
Election.  Name.  Date  of  Decease. 

1899.  »Frank  J.  Campbell, March  6,  1910, 

1907.  *Francis  V.  Drake, 

1879.  *Paul  A.  Fusz, February  16,  1910. 

1906.  *John  C.  Sevier November  11,  1909. 

1897.  *Herbert  S.  Stark, February  18,  1810. 

Biographical  Notices. 

Frank  James  Campbell  was  born  1854  in  Niagara  County, 
New  York,  and  went  to  Colorado  for  his  health  in  1878.  lie 
settled  first  at  Canon  City,  where  he  remained  for  two  years, 
in  the  employ  of  a  firm  of  hardware-merchants.  Removing  to 
Buena  Vista,  he  established  there,  in  the  same  line  of  business, 
a  house  which  became  very  successful,  owning  and  operating 
a  chain  of  stores  in  that  part  of  Colorado.  About  1886,  Mr. 
Campbell  and  his  brother-in-law,  Guilford  S.  Wood,  engaged 
as  contractors  in  railroad-building.  They  constructed  portions 
of  the  Colorado  Midland,  the  Utah  Northern,  and  the  Great 
Northern  in  Montana;  but  when  the  panic  of  1898  caused  a 
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suspension  of  such  undertakings,  they  returned  to  Denver, 
where  Mr.  Campbell  continued  to  reside  until  his  death, 
although  his  many  business  undertakings  took  him  often  away 
from  home.  Thus  in  1893,  he  went  to  Cripple  Creek,  where 
he  took  an  active  part  in  the  organization  of  the  Vindicator 
Consolidated  Gold  Mining  Co.  in  1894.  Of  this  company  he 
became  and  remained  for  the  rest  of  his  life  the  general 
manager.  He  was  at  one  time  President  of  the  Eagle  Ore  Co., 
operating  the  Eagle  sampling-works  at  Victor,  and  also  an 
officer  of  the  Amity  Gold  Co.,  in  the  San  Juan  region,  and 
President  of  the  Western  Alkali  Co.,  Green  River,  Wyoming. 

During  the  labor-troubles  of  1904  and  following  years,  Mr. 
Campbell,  though  not  actively  "on  the  firing-line,"  was  un- 
wavering in  his  support  of  law  and  order  against  the  tyranny 
and  violence  of  the  Western  Federation  of  Miners.  At  about 
the  beginning  of  that  period,  he  purchased  several  mining 
properties  in  Goldfield,  Nev.,  and,  shortly  after,  began  the 
organization  of  what  is  now  known  as  the  Nevada-California 
Power  Co.,  a  corporation  which  has  invested  several  millions 
of  dollars  in  a  hydro-electric  plant  supplying  power  to  the 
principal  mining  camps  of  Nevada  (Goldfield,  Tonapah,  Rhyo- 
lite,  Silver  Peak,  and  Round  Mountain).  Of  this  company,  he 
was  the  first  President;  and,  resigning  that  position  in  1907  after 
three  years'  service,  he  was  re-elected  to  it  in  February  last. 

It  was  during  a  visit  to  Goldfield  in  1905  that  Mr.  Campbell 
was  made  to  feel  the  hostility  of  the  Western  Federation  of 
Miners,  which  dominated  that  camp.  He  was  attacked  at 
night  by  two  men,  one  of  whom  knocked  him  down  with  a 
gun,  and  the  other  shot  at  him,  but  fortunately  missed  him. 

Mr.  Campbell  was  a  man  of  calm  courage,  wise  foresight, 
and  great  executive  ability,  combined  with  integrity,  public 
spirit  and  private  generosity.  He  was  greatly  esteemed  by 
the  good  citizens  of  every  community  in  which  he  resided 
or  possessed  business  interests;  and  his  personal  character 
enabled  him  to  win  the  support  of  others  for  the  great  under- 
takings which  he  planned.  As  a  correspondent  in  Cripple 
Creek  says :  "  Mr.  Campbell's  companies  have  always  been 
the  first  to  aid  in  any  public  work,  whether  it  were  drainage- 
tunnels  or  the  Young  Men's  Christian  Association."  He  be- 
came a  member  of  the  Institute  in  1899. 
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Mr.  Campbell's  death  (from  double  pneumonia)  was  sudden 
and  unexpected.  He  had  just  returned  in  good  health  from  a 
trip  to  Florida,  when  he  was  stricken,  February  24,  by  this 
terrible  disease.  But  on  the  6th  of  March  he  was  supposed  to 
be  convalescent,  when  he  began  to  grow  worse,  and,  rapidly 
failing,  died  that  evening. 

Robert  Prewiti  Coleman  was  born  Feb.  18, 1880,  at  Baltimore, 
Md.  His  youth  was  spent  in  Colorado,  where  he  naturally 
adopted  the  profession  of  his  father,  a  mining  engineer  of  dis- 
tinction. In  1900  he  was  for  a  short  period  time-keeper  at  the 
Highland  Boy  mine,  Bingham,  Utah.  In  the  autumn  of  1901 
he  served  as  assistant  to  V.  P.  Strange,  TJ.  S.  Deputy  Mineral 
Surveyor,  Salt  Lake  City;  and  in  August,  1902,  he  was  engaged 
upon  surveys  for  the  Denver,  Northern  and  Pacific  railway. 
But  these  temporary  occupations  appear  to  have  occupied  his 
vacations  as  a  student  in  the  Colorado  School  of  Mines,  from 
which  he  was  graduated  in  1903.  Thus  doubly  equipped  by 
school-training  and  field-practice,  he  began  at  once  to  assist  his 
father  in  the  examination  of  mines  and  mineral  lands  in  the 
United  States  and  Mexico.  Having  joined  the  Institute  as  an 
Associate,  in  1903,  while  a  student  at  Golden^  Colo.,  he  was 
made  a  member  in  1904,  after  his  graduation.  For  the  four 
years  following,  the  frequent  changes  of  his  address  upon  the 
books  of  the  Institute,  ranging  from  Wyoming  to  Mexico, 
Arizona,  California,  and  Utah,  bear  witness  to  the  extent  and 
variety  of  his  field-work.  At  the  time  of  his  death,  he  was  the 
assistant  of  Mr.  Henry  Krumb,  a  member  of  the  Institute, 
having  his  headquarters  as  a  consulting  engineer  at  Salt  Lake 
City.  It  was  apparently  in  this  capacity  that  he  was  called  to 
Arizona,  in  the  temporary  service  of  the  Ray  Consolidated 
Mining  Co.  The  following  paragraph  from  the  Engineering 
and  Mining  Journal  of  Feb.  12,  1910,  narrates  the  story  of  his 
tragic  and  untimely  death : 

^*0d  Feb.  6,  an  automobile  going  from  Kelvin,  Ariz.,  to  tlie  Ray  copper  mines, 
ran  dose  to  a  heavy  charge  of  dynamite,  the  fuse  of  which  had  just  been  lighted. 
The  explosion  of  the  charge  shattered  the  car  and  killed  the  six  passengers,  who 
were  R.  P.  Coleman,  of  Salt  Lake  City  ;  W.  H.  Freeland  and  Walter  C.  French 
(mining  engineers),  and  A.  S.  Bieber,  J.  C.  Griffin  and  J.  B.  Joyce  (civil  engi- 
neers). The  motorman,  who  was  also  killed,  had  been  warned,  but  probably  sup- 
posed lie  could  pass  before  the  charge  exploded." 
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This  story  furnishes  another  element  in  the  long  and  con- 
tinuous series  which  clouds  with  sorrow  my  continuous  work 
as  the  chronicler  of  the  havoc  wrought  by  death  in  the  rank& 
of  our  members.  Not  only  must  I  record  the  departure,  one 
after  another,  of  the  old  men  who  were  once  young  with  me, 
but  every  year  so  many  youthful  and  promising  lives  are  cut 
short,  that  it  seems  to  me  sometimes  as  if  I  had  no  other  func- 
tion than  that  of  expressing  futile  lamentations  in  the  face  of  a 
merciless  Pate.  In  this  instance,  I  can  hardly  make  the  tragedy 
a  text  for  warnings  of  caution  to  mining  engineers  exclusively. 
The  terrible  catastrophe  which  killed  six  young  engineers  had 
no  direct  connection  with  their  profession.  Anybody  else  would 
have  been  killed  under  the  same  circumstances.  And  it  is  use- 
less to  blame  the  motorman,  who  paid  with  his  life  for  his  error 
of  judgment.  Probably  his  passengers,  having  surrendered 
themselves,  as  passengers  do,  to  the  responsible  care  of  their 
conductor,  were  paying  no  attention  to  the  signs  of  danger 
which  it  was  his  business  to  heed.  Without  expressing  con- 
demnation of  any  one,  I  think  it  fair  to  interpret  this  catas- 
trophe as  an  illustration  of  the  strange,  abnormal  and  half- 
hysterical  recklessness  which  has  come  in  with  the  introduction 
and  wonderfully  sudden  extension  of  the  use  of  automobiles. 
There  is  a  subtle  influence  in  mere  speed  of  motion,  which  im- 
pels to  the  taking  of  risks.  Many  owners  of  automobiles  have 
told  me  of  the  difficulty  of  keeping  their  drivers  within  legal 
or  prudent  limits.  It  seems  to  me  that  engineers,  who  know 
the  danger  more  accurately  than  others,  should  be,  for  that 
reason,  more  vigilant  and  stern  in  prohibiting  every  unneces- 
sary encounter  with  it.  One  cannot  preach  to  the  dead ;  but  I 
hope  this  warning  may  reach  and  influence  the  living. 

The  premature  death  of  Mr.  Coleman  deprived  his  profes- 
sional colleagues  and  the  industrial  world  of  a  man  possessing 
the  qualities  most  needed  in  this  generation — intelligence,  inde- 
pendence, integrity,  and  industry,  coupled  with  cheerful  cour- 
age and  courtesy. — R.  W.  R. 

Paul  A.  Fusz  was  born  Aug.  5,  1847,  at  Hericourt,  Prance. 
In  1853,  he  came  with  his  parents  to  St.  Louis,  Mo.,  where,  afler 
receiving  a  public-school  education,  he  entered,  as  errand-boy, 
the  employ  of  the  firm  of  Chouteau,  Harrison  &  Valle.    Through 
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successive  promotions,  he  reached  in  1873  the  position  of  Gen- 
eral Manager,  having  entire  charge  of  the  Laclede  rolling-mills, 
located  in  North  St.  Louis,  and  the  deliveries  of  iron-ore  from 
the  Iron  Mountain  mine,  owned  by  the  company.  In  June, 
1886,  he  became  Treasurer,  and  in  October,  1888,  Superin- 
tendent of  the  Granite  Mountain  Mining  Co.  of  Montana.  In 
October,  1889,  he  was  elected  President  and  Manager  of  the 
Bimetallic  Mining  Co.;  and  when  in  1896  these  two  enterprises 
were  merged  as  the  Granite-Bimetallic  Consolidated  Mining 
Co.,  he  was  made  President  of  the  new  corporation,  a  position 
which  he  continued  to  hold  until  death.  He  was  also,  as  late 
as  1908,  President  and  Manager  of  the  Hope  mine — said  to  be 
the  oldest  silver-mine  in  Montana — ^President  and  Manager  of 
the  American  Gem  Mining  Syndicate,  operating  mines  in  Mon- 
tana, North  Carolina,  and  Canada;  Director  of  the  Desloge 
Mining  Co.  of  Missouri,  and  other  mining  and  industrial  cor- 
porations. He  became  a  member  of  the  Institute  in  1879.  His 
death,  after  a  very  brief  illness,  occurred  in  St.  Louis,  Feb.  16, 
1910. 

John  Wellington  Nesmith  was  born  Jan.  4, 1884,  at  Chillicothe, 
Ohio.  His  Scotch  ancestors  came  to  America  in  1719,  and  sev- 
eral of  them  were  officers  in  the  Continental  army.  In  1860, 
at  the  age  of  26,  Mr.  Nesmith  joined  the  company  of  the 
pioneers  who  laid  the  foundation  of  the  splendid  history  of 
Colorado.  Engaging  first  in  the  business  of  mining  and  mill- 
ing in  Gilpin  county,  he  was  quick  to  realize  the  demands  of 
that  industry  for  the  manufacture  of  castings  and  machinery 
suited  to  local  conditions  and  deliverable  promptly  to  local 
operators.  At  an  early  day  he  became  connected  with  Lang- 
ford  &  Co.'s  foundry,  the  nucleus  of  the  famous  Colorado  Iron 
Works,  of  Denver,  of  which  he  was  made  Manager  in  1879  and 
President  in  1886.  Under  his  direction,  these  works  con- 
structed mills  and  smelters  for  gold,  silver,  lead,  and  copper. 
It  is  reported  that  their  customers  were  found  not  only  through- 
out the  United  States,  Canada,  and  Mexico,  but  also  in  Central 
and  South  America,  England,  Holland,  New  Zealand,  Tasmania, 
South  Africa,  and  Japan.  Such  a  geographical  distribution  of 
products  is  in  itself  a  proof,  not  merely  of  their  excellence,  but 
also  of  their  special  fitness  for  particular  uses  ;  and  this  was  the 
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result  of  Mr.  Nesmith's  practical  skill  as  an  engineer  and  me- 
chanic, coupled  with  his  keen  perception  of  needed  improve- 
ments and  his  courage  in  adopting  them.  His  enterprise  was 
not  confined  to  this  field  alone.  He  was  associated  with  Gov- 
ernor Evans  in  the  construction  and  operation  of  the  South 
Park  railroad.  From  1884  to  the  end  of  his  life,  he  was  a 
member  of  the  Denver  Chamber  of  Commerce,  a  Director  in 
1886  and  Vice-President  in  1887.  He  served  as  State  Senator 
from  (Jilpin  county,  held  high  rank  as  a  Royal  Arch  Mason, 
and  was  a  member  of  the  Colorado  Scientific  Society  and  other 
institutions.  Down  to  three  or  four  days  before  his  death,  he 
was  apparently  in  vigorous  health,  and  actively  attending  to 
business  affiairs.  After  he  was  60  years  old,  he  took  up  and 
mastered  the  Spanish  language ;  and  during  recent  years  he 
had  been  pursuing  with  the  zeal  of  youth  the  use  of  petroleum 
as  a  metallurgical  fuel,  and  perfecting  for  that  purpose  a  system 
and  apparatus  which  others  must  now  test  in  practice. 

Mr.  Nesmith  joined  the  Institute  in  1896.  Those  who  took 
part  in  the  Spokane  meeting  and  excursions  last  year,  remem- 
ber with  pleasure  his  genial  presence  and  the  enthusiasm  with 
which  he  entered  into  all  the  experiences  of  the  journey. 

His  death,  Dec.  17,  1909,  after  an  operation  for  gall-stones, 
came  as  a  great  shock  and  sorrow  to  a  host  of  business  and  per- 
sonal friends;  and  the  community  in  which  he  so  long  resided 
and  labored  laments  the  sudden  termination  of  a  long,  useful, 
influential,  and  stainless  life. — R.  W.  R. 

Ferdinand  Herman  Regel  was  born  Oct.  7, 1876,  at  St.  Louis, 
Mo.,  and  immediately  upon  graduation  at  the  Smith  Academy 
in  that  city,  entered  the  Missouri  School  of  Mines  at  Rolla, 
where  he  remained  two  years.  This  course  of  study  he  followed 
with  two  years  at  the  Royal  Saxon  Mining  Academy  of  Frei- 
berg. Returning  to  this  country  in  1899,  he  became  assayer 
and  surveyor  for  the  American  Gold  Mining  Co.,  Ouray,  Colo. 
In  1900,  he  was  employed  as  assistant  engineer  by  the  Som- 
brerete  Mining  Co.,  in  Zacatecas,  Mex.,  and,  a  few  months 
later,  became  the  head  of  its  engineering  department.  It  was 
at  this  time  that  he  was  elected  a  member  of  the  Institute.  A 
little  later,  he  returned  to  St.  Louis,  where  he  connected  himself 
with  the  Arthur  Fitch  Foundry  &  Machine  Co.,  and  also  opened 
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an  office  as  consulting  mining  engineer  and  metallurgist.     He 
died  Jao.  18,  1910. 

Mr.  Regel  contributed  to  the   Transactions  a  valuable  paper 
on  The  Klein  Jig  and  the  Klein  Classifier  [Trans,,  xxxi.,  619). 
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[TAAN8ACTI0NS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Mining-Conditions  in  the  Belgian  Congo  (Congo 

Free  State).* 

BT  STDNEY  H.  BALL,  NEW  YORK,  N.  Y.,  AND  MILLARD  K.  SHALEB, 

LAWRENCE,  KAN. 

(Pittsburg  Meeting,  March,  1910.) 

I.  Introduction. 

During  the  past  50  years  the  attention  of  mining-men  has 
been  turned  to  Africa,  and  within  the  past  decade  prospecting- 
expeditions  sent  into  Central  Africa  have  resulted  in  the  open- 
ing-up  of  several  mines.  Having  recently  spent  two  years  in 
the  Belgian  Congo  for  the  Societe  Internationale  Foresti^re  et 
Miniere  du  Congo,  it  is  our  purpose  to  outline  briefly  the  mining- 
conditions  in  that  part  of  Central  Africa.  Before  it  became,  in 
1908,  a  Belgian  colony,  this  region  was  known  as  the  Congo 
Free  State. 

IL  Location  and  Area. 

The  Belgian  Congo  lies  in  southwestern  Central  Africa,  west 
of  the  continental  divide,  as  illustrated  in  Fig.  1.  It  has  a  coast- 
line of  but  20  miles  on  the  Atlantic,  but  widens  rapidly  east- 
ward to  points  5°  north  and  14°  south  of  the  equator.  Its 
area  is  908,000  sq.  miles,  which  is  almost  one-quarter  that  of 
the  United  States  and  Alaska,  or  more  than  one  and  one-half 
times  that  of  Alaska.  Stated  in  other  terms,  its  area  is  nearly 
one-third  that  of  the  United  States,  exclusive  of  Alaska  and 
the  insular  possessions,  or  more  than  that  of  all  the  United 
States  east  of  the  Mississippi  river. 

III.  Topography  and  Drainage. 

From  north  to  south,  Africa  is  made  up  of  three  topographic 
elements :  1,  the  Atlas  mountains,  a  highly-accentuated  region 

*  Presented  by  permission  of  the  Soci^t^  Internationale  Forestidre  et  Minidre 

da  Congo. 
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of  closely-folded  rocks;  2,  the  Soudan  and  Sahara  desert- 
regions,  a  more  or  less  accidented  plain  in  which  the  rocks  are 
in  the  main  flat-lying ;  and  8,  the  central  and  southern  table- 
lands with  the  Abyssinian  plateau,  consisting  of  intensely- 
folded  older  and  horizontal  younger  rocks. 

The   Belgian    Congo,   with   the   exception   of   the   coastal 
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plain,  lies  within  the  plateau  region  and  consists,  from  west  to 
east,  of: 

1.  A  narrow  coastal  plain,  which  faces  the  Atlantic  ocean, 
rising  to 

2.  An  ancient  mountain  range,  now  eroded  to  an  intensely- 
dissected  plateau,  and  frequently  referred  to  as  the  Crystal 
mountains.  The  higher  domes  reach  an  altitude  of  2,800  ft. 
Through  the  hard  rocks  of  this  plateau  the  mighty  Congo 
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rushes  in  a  series  of  rapids  and  low  water-falls,  the  non-navi- 
gable stretch  between  the  lower  and  the  upper  Congo  rivers. 

3.  The  great  interior  region,  a  basin  whose  slopes  rise  gently 
from  Lake  Leopold  IL  (altitude,  1,110  ft.).  The  limits  of  the 
basin  to  the  north  (altitudes  from  2,500  to  4,200  ft.)  and  to  the 
south  (from  4,000  to  5,200  ft.)  are  comparatively  low,  but  to 
the  east  rise  to 

4.  The  Eastern  Frontier  mountains,  in  height  averaging 
about  1  mile  above  sea-level.  Certain  peaks,  like  the  volcanic 
Ruwenzori  (altitude,  16,800  ft.),  are  much  higher.  These 
mountains  are  in  part  due  to  folding,  but  largely  to  N-S.  fault- 
ing, with  which  are  genetically  connected  important  volcanic 
phenomena. 

The  Congo  river  and  its  tributaries  drain  all  of  the  Belgian 
Congo  with  the  exception  of  a  small  area  in  the  extreme  north- 
east, the  waters  of  which  find  their  way  into  the  Nile.  With 
the  exception  of  Brazil,  no  tropical  country  is  blessed  with 
such  a  system  of  water-ways  as  is  oflfered  by  the  Congo  and  its 
principal  affluents,  the  Kasai,  Sankuru,  and  Ubangi.  Bertrand,* 
giving  its  length  as  4,640  km.,  says  that  the  Congo  is  the  sixth 
longest  river  in  the  world. 

Contrary  to  the  opinion  generally  held  regarding  tropical 
countries,  one-half  of  the  Belgian  Congo  is  savanna ;  the  other 
half,  forest.  Practically  all  of  the  great  equatorial  forest  lies 
between  the  fourth  parallel  south  and  the  fourth  parallel  north 
of  the  (equator,  and  is,  for  the  most  part,  confined  within  the 
great  horseshoe  of  the  Congo  river.  Elsewhere  small  groves  or 
even  forests  are  not  unusual,  yet  the  country  is  typically 
savanna,  with  sparse  and  generally  scrubby  trees  here  and 
there.  As  the  equatorial  forest  is  approached,  the  streams  are 
generally  bordered  by  a  narrow  fringe  of  dense  forest. 

The  Belgian  Congo  has  a  typically  tropical  climate,  with  heavy 
rain-fall,  high  humidity,  and  relatively  high,  though  diurnally 
variable,  temperature.  Heavy  rain-fall,  or  its  absence,  charac- 
terizes the  two  seasons,  excepting  very  near  the  equator,  where 
it  rains  more  or  less  regularly  every  month  in  the  year,  and 
where  seasons  do  not  exist.  North  of  the  second  parallel  north, 
however,  the  seasons  are  well  marked ;  the  dry  season,  which 


>  Lt  Congo  Edge,  p.  46  (1909.) 
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is  considerably  cooler,  begins  late  in  October  and  ends  early  in 
May,  followed  by  the  rainy  season,  which  lasts  six  months. 
The  seasons  are,  naturally,  reversed  south  of  the  equator. 

IV.  Geology. 

The  geological  boundaries  are  shown  approximately  on  the 
map,  Fig.  1,  which  gives  also  the  mining-localities. 

The  coastal  plain  is  underlain  by  marine  sandstones,  which 
are  inclined  gently  towards  the  ocean.  The  sandstones,  which 
are  coyered  by  recent  alluvium  at  the  Congo  mouth,  are,  accord- 
ing to  Zboinski,*  of  Tertiary  and  Cretaceous  age. 

The  so-called  Crystal  mountains  consist  of  older  rocks,  the 
^age  of  which  has  not  yet  been  satisfactorily  determined.  The 
strike  of  these  rocks  is  NNW.,  and  the  predominant  dip  is 
^ast.  The  older  rocks  of  the  series  occupy  the  west  part  of 
the  belt,  and  the  degree  of  metamorphism  increases  progres- 
sively from  east  to  west.  What  are  apparently  the  oldest  mem- 
bers consist  of  mica-schists  and  sericitic  quartzites,  interbedded 
with  which  are  chlorite-  and  epidote-schists,  representing  either 
basic  lavas,  contemporaneous  with  the  sedimentary  rocks,  or 
very  ancient  intrusive  bodies  of  igneous  rocks.  Of  later  origin 
are  intrusive  masses  of  granite  and  gabbro,  now  mashed  and 
recrystallized  into  gneisses.  Large  bodies  of  massive  granite 
and  smaller  ones  of  diabase  also  occur.  To  the  west  of  these 
older  rocks  are  limestones  and  calcareous  schists,  which  near 
the  ancient  complex  are  closely  folded,  but  are  flat-lying  further 
east,  half-way  between  Matadi  and  Leopoldville.  These  beds 
are  considered  by  E.  Dupont'  to  be  of  Devonian  age.  To  the 
east  they  are  unconformably  overlain  by  red  sandstones  and 
shales,  the  Kundulungu  (Permo-Carboniferous)  of  Prof.  Jules 
Cornet.*  African  geologists  and  engineers  owe  a  debt  of  grati- 
tude to  this  Belgian  savant,  as  the  most  important  contributor  to 
Belgian  Congo  geologic  literature,  both  scientific  and  economic. 

The  great  interior  region  is  covered  by  interbedded  sand- 
stones and  shales,  either  flat-lying  or  dipping  gently  towards  the 
center  of  the  basin.     The  lower  surface  of  this  formation  is 


'  BuUttin  de  la  SociitS  Beige  de  Qiohgie^  de  PaUontologie  ei  de  Hydrologie,  voL  i., 
pp.  36  to  41,  M^moires  (1887).  *  Ibid.,  vol.  U.,  pp.  47  (1888). 

«  Ibid.y  Tol.  xxi.,  pp.  365  to  382  (1907). 
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undulating,  and  it  apparently  thins  rapidly  on  the  upper  slopes 
of  the  basin.  As  the  rim  of  the  basin  is  approached,  isolated 
inliers  of  older  folded  and  faulted  rocks  begin  to  appear  in  val- 
leys cut  through  the  sandstone-shale  blanket.  Upon  the  rim 
itself  these  older  rocks  greatly  predominate  and  are  similar,  in 
a  general  way,  to  those  of  the  Crystal  mountains. 

These  older  rocks  consist  of  very  ancient  mica-schists, 
quartzites,  and  igneous  schists  and  gneisses,  which  are  cut  by 
gabbros  and  granites.  Younger  than  the  granites  are  folded 
sandstones,  quartzites,  slates,  shales,  and  limestones.  Cornet, 
in  believing  that  these  two  series  of  rocks  are  respectively  of 
pre-Cambrian  and  Palaeozoic  age,  is  without  much  question 
correct,  although,  unfortunately,  fossils  have  never  been  found 
in  them.  In  the  eastern  mountain-area  there  are  also  modern 
and  Tertiary  lavas,  which  up  to  date  have  not  proved  to  be  ore- 
bearing. 

The  main  structural  features  on  the  north  and  south  rims  of 
the  Congo  basin  have  an  E-W.  trend,  while  the  rocks  of  the 
eastern  mountains  strike  N-8.  The  position  of  lakes  Tan- 
ganyika, Kivu,  Albert  Edward,  and  Albert,  and  of  the  moun- 
tain ranges  nearby,  has  been  determined  largely  by  faults,  the 
trends  of  which  are  approximately  parallel  to  the  strike  of  the 

rocks. 

V.  Prospecting. 

The  flat-lying  sandstones  and  shales  of  the  central  basin  are 
apparently  without  important  mineral  deposits.  In  the  older 
rocks,  and  in  the  gravels  derived  from  them,  bodies  of  ore 
occur,  some  of  which  are  exploitable,  even  under  the  exces- 
sively high  mining-costs  of  Central  Africa,  While  over  one-half 
of  the  Belgian  Congo  is  thus  valueless,  from  a  mining  stand- 
point, the  rest  of  the  country  is  so  rich  that  no  serious  pros- 
pecting-expedition  of  capable  men  has  ever  returned  from 
there  empty-handed. 

While  trading-posts  were  established  at  the  mouth  of  the 
Congo  river  in  the  early  part  of  the  nineteenth  century,  the 
opening  up  of  the  hinterland  dates  from  Stanley's  marvelous 
descent  of  the  Congo  in  1877,  from  where  Nyangwe  now  stands. 
Following  his  discoveries,  the  International  African  Associa- 
tion and  the  International  Association  of  the  Congo  were  suc- 
cessively launched,  to  be  replaced   later  by  the  Congo  Free 
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State,  with  Leopold  II.,  of  Belgium,  sovereign  ruler.  In 
November,  1908,  the  Belgian  government  took  over  this  State 
as  a  colony.  During  the  past  25  years  no  tropical  country  has 
been  more  rapidly  explored,  nor  more  highly  developed  com- 
mercially, and  for  the  past  decade  prospecting  has  been  most 
active. 

The  Belgian  Congo  is  divided  into  concessions,  Fig.  2,  which 
are  in  the  hands  of  more  or  less  powerful  groups  of  capitalists. 
Within  these  concessions,  these  companies  have  the  exclusive 
prospecting-rights  and  the  rights  to  the  mines  found,  under 
conditions  varying  according  to  the  articles  of  their  charters. 
Throwing  the  region  open  to  free,  unrestricted  prospecting  by 
individuals  would  unquestionably  cause  great  suffering  and 
loss  of  life,  since  the  members  of  improperly-equipped  expedi- 
tions would  undoubtedly  perish,  and  the  necessary  protection 
could  not  be  given  by  the  government  to  all  comers.  To  get 
into  this  country  equipment,  European  food-stuffs,  and  the 
medicines  and  luxuries  necessary  to  the  white  man,  is  an  ex- 
pensive undertaking. 

At  present,  most  active  prospecting  is  being  carried  on  by 
the  Soci^te  Internationale  Forestifere  et  Minifere  du  Congo,  the 
Chemin  de  fer  des  Grands  Lacs,  the  Comit6  Special  de  Haut- 
Eatanga,  and  by  the  government  itself. 

VI.  Mining. 

Up  to  date  the  product  of  the  Belgian  Congo  mines  has 
been  small.  Shipments  of  from  70  to  80  kg.  of  gold  per 
month  are  reported  from  the  Kilo  gold-mines,  and  con- 
siderable gold — 10,900  oz.  up  to  Sept.  30,  1905 — has  been 
produced  from  the  Ruwe  (Katanga)  mine.  Shipments,  up  to 
the  present  time,  from  the  Katanga  copper-  and  tin-deposits 
and  from  the  Bamanga  copper-mine,  near  Ponthierville,  have 
been  small  and  almost  entirely  for  the  purpose  of  milling  and 
metallurgical  testing.  The  copper-ore  exported  in  1908  was 
valued  at  $24,700.  The  double  question  of  labor  and  trans- 
port is  at  present  the  serious  obstacle  to  exploitation. 

1.   Gold. 

This  precious  metal  is  widely  distributed  among  the  older 
rocks  of  the  Belgian  Congo,  and  is  even  present  in  small  quan- 
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titj  in  certain  areas  within  the  central  sandstone-shale  area. 
Stanley  states  that  the  Arabs,  at  the  time  of  his  entrance  into 
the  country,  washed  some  gold  from  the  streams  in  the  eastern 
part  of  the  Congo  basin,  and  Cameron  writes  that  Zanzibarites 
got  gold  from  some  of  the  Katanga  streams.  Certain  deposits 
which  have  been  found  within  the  past  two  years  have  not 
been  opened  up,  but  the  following  mines  are  being  operated : 

a.  Kilo  Gold-Mine. — This  mine.  Fig.  3,  situated  among  the 
head-waters  of  the  Ituri  river,  just  west  of  Lake  Albert,  is  a 
State  property  and  reliable  information  regarding  it  is  difficult 
to  obtain.  The  predominant  country-rock  is  granite,  and  free 
gold  has  been  found  in  quartz  veins  in  the  vicinity.  The 
deposit,  which  was  discovered  six  years  ago  and  is  now  being 
exploited  by  the  State,  is  a  rich  placer  covering  a  wide  area. 
About  25  whites,  including  ten  prospectors,  and  several  thou- 
sand blacks  are  employed.  Prospecting  is  being  constantly 
done  in  the  vicinity.  The  monthly  output,  with  rude  sluices 
and  very  little  machinery,  is  rumored  to  be  from  70  to  80  kg. 
It  is  reported  that  a  hydraulic  plq^nt  is  to  be  installed  shortly. 

b.  Ruwe  Gold-Mine. — Ruwe  is  situated  near  the  Khodesian 
frontier,  in  southeastern  Belgian  Congo,  near  the  source  of  the 
Lualaba.  Up  to  Sept.  30,  1905,  the  production,  all  obtained 
by  sluicing  the  detrital  deposit,  was  10,900  oz.  of  gold.  The 
Tribune  Congolaise  of  Sept.  16,  1909,  reports  that  the  mine  will 
shortly  shut  down,  pending  the  arrival  of  the  Cape-to-Cairo 
railway,  as  machinery  is  now  needed. 

The  country-rocks  are  sandstones  and  quartzites,  which  dip 
from  12°  to  35°  N-E.,  and  are  cut,  as  is  the  ore-body,  by  faults 
trending  NW-SE.  The  ore-body  as  developed  consists  of  an 
indurated,  banded  sandstone,  and  is  1,200  ft.  long,  with  an 
average  width  of  8  ft.,  but  varying  from  3  to  20  ft.  The  walls 
are  sandstone,  though  at  the  surface,  uphill  from  the  deposit, 
is  a  band  of  limonite-cemented  conglomerate.  The  values, 
which  are  patchy,  average  $17  per  ton,  and  consist  of  gold, 
platinum,  silver,  and  palladium.  More  or  less  iron,  cobalt, 
nickel,  lead,  and  copper  are  associated,  the  last  two  occurring 
as  the  vanadates,  psittacinite  and  vanadinite  and  cuprodes- 
choizite,  while  pyromorphite  and  malachite  also  occur.  These 
minerals  form  the  "  green  concentrates,"  which  are  a  good  value- 
indicator.    The  metals  platinum,  palladium,  and  silver  increase 
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and  decrease  in  volume  together,  but  gold  is  independent  of 
the  others.     Values  are  rarely  visible  in  the  ore. 

Immediately  downhill  from  the  outcropping  ore-body,  the 
detrital  material  contains  nuggets,  some  of  which  are  2  in.  in 
diameter,  of  gold  alloyed  with  more  or  less  silver.  Platinum 
is  practically  lacking  in  this  soil. 

Of  the  two  men  who  have  described  Ruwe,  Studt  believes 
that  the  ore  was  deposited  by  magmatic  hot  waters  derived 
from  what  he  considers  an  igneous  dike,  now  represented  by 
ferruginous  clays.  Buttgenbach,*  on  the  contrary,  believes  the 
ore-bodies  to  be  old  beach-placers  which  were  interbedded 
with  the  finer  sediments  when  the  sandstone  series  was  de- 
posited. Both  agree  that  the  gold  of  the  detrital  deposits  was 
dissolved  from  the  ore-body  and  re-deposited  in  the  detrital 
material.  This  belief  in  the  surface  formation  of  the  larger 
nuggets  is  based,  first,  on  the  absence,  in  the  ore-body,  of 
nuggets;  second,  on  the  lack  of  platinum  in  the  detrital 
material  and  its  presence  in  the  ore-body;  and  third,  on  the 
form  of  some  of  the  nuggets,  which  resembles,  in  instances^ 
that  of  organic  remains. 

c.  Other  Deposits  in  the  Katanga, — The  ore  of  many  of  the 
Katanga  copper-deposits  carries  a  small  gold-  and  a  somewhat 
larger  .silver-content,  but  in  rare  instances  only  is  it  worth 
separating.  Derived  from  the  Katanga  and  Fungurume  cop- 
per-deposits are,  however,  important  gold-placers. 

2.   Copper. 

Copper  occurs  widely  in  the  older  rocks  of  the  Belgian 
Congo,  and  the  Katanga  Copper  Range  is  a  most  important 
high-grade  copper  reserve.  Of  less  importance  are  the  de- 
posits of  Bamanga,  near  Ponthierville,  and  the  Bembe  and  Min- 
douli  copper-deposits  in  Angola  and  the  French  Congo,  respec- 
tively. 

a.   The  Katanga  Copper-Deposits, — Mining  and  smelting   of 


^  AnnaUs  da  MaaSe  da  OmgOf  Second  SerieSj  vol.  i.,  p.  57  to  69  (1908).  AnnaUs 
de  SocUH  OSologique  de  Bdgique,  vol.  xzxiii.,  M^moires,  p.  65  to  67  (1905-06). 
Revue  Univeraelle  des  Mines,  de  la  MttaUurgie,  des  Tratxiux  PublicSy  etc,  Fourth  Se- 
ries, vol.  xiv.,  pp.  114  to  147  (1906).  Farrell,  J.  R.,  Studt,  etc.,  Tanganyika  Con- 
cessions, Ltd.,  various  reports  (1900  to  1906). 
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copper-ores  has  been  followed  for  centuries  by  the  natives  liv- 
ing near  the  Katanga  copper-mines,  and  the  majority  of  the 
mines  of  the  Tanganyika  Concessions,  Ltd.,  are  black  men's 
mines  which  have  been  relocated  by  whites.  Some  idea  of  the 
extent  of  their  operations  is  indicated  by  the  report  that  at 
Linishia  one  pit  is  720  ft.  long,  80  ft.  deep,  and  480  ft.  wide  at 
one  end,  tapering  to  a  point  at  the  other.  The  importance  of 
the  dependent  commerce  in  crude  copper  (cast  into  St.  Andrew's 
crosses,  worth  in  trade  goods  about  $8)  is  shown  by  the  fact 
that  they  reached  points  400  miles  away  from  the  mines.  Prom 
the  crude  copper,  bracelets  and  other  articles  oif  adornment  and 
ornamentation,  and  even  copper  wire,  were  made  by  the  village 
coppersmiths. 

At  present  the  copper  industry  is  unimportant  among  the 
Katanga  natives.  Their  system  of  mining  and  smelting  is  as 
follows:  Large  pits  are  sunk  in  the  softer  parts  of  the  ore- 
bodies  to  depths  approaching  40  ft.  The  crumbly  ore  and 
gangue  is  placed  in  baskets  and  is  then  carried  to  a  nearby 
stream,  where  the  basket  is  submerged  rim-deep  and  washed, 
much  as  one  washes  gravel  in  a  gold-pan.  Soon  malachite 
alone  remains,  which  is  emptied  into  a  pile,  and  the  miner  re- 
turns for  more  ore.  The  won  malachite  at  nightfall  is  carried 
to  the  village,  ivhere  it  is  smelted  much  as  the  iron-ore  is 
smelted,  in  furnaces  made  usually  from  ant-hills.  Forced  draft 
is  ftirnished  by  roughly-constructed  hand-bellows. 

The  Katanga  copper-deposits  *  are  situated  in  southeastern 
Belgian  Congo,  about  11°  S.  of  the  equator,  and  not  far  north 
of  the  Rhodesian  frontier.  Up  to  date  about  100  deposits  are 
known,  included  within  a  belt  extending  90  miles  east  from  the 
Lufupa  river,  thence  bending  suddenly  SE.,  and  reaching  a 
point  110  miles  away. 

Livingston,  Burton,  Cameron,  Joseph  Thomson,  and  Wiss- 
man  all  state  that  the  natives  reported  rich  copper-mines  to 

*  Comet,  Jules,  Bulletin  de  la  Soeiiti  Beige  de  GSologie,  etc.,  vol.  zvii.,  pp.  3 
to  47,  Traductions  et  Beproductious  (1903.)  Bnttgenbach,  H.,  Annales  de  la  So- 
eiiti  QMogiqae  de  Belgiqfoe^  vol.  xxxi.,  M^moires,  pp.  515  to  572  (1903-04).  Butt- 
li^bach  (practically  the  same  article),  Annale^  de  MusU  du  Congo^  Second  Series, 
Katanga,  pp.  1  to  51  (1908).  Farrell,  J.  R.,  and  Gray,  6.,  etc.,  various  reports, 
Tanganyika  Concessions,  Ltd.  (1900  to  1906).  Farrell,  J.  B.,  Engineering  and 
Mining  Journal,  vol.  Ixxxv.,  No.  15,  pp.  747  to  753  (Apr.  11,  1908). 
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«xist  in  the  Katanga.  ReichardT  in  1888  was,  however,  the 
first  white  man  to  see  these  deposits,  and  he  was  soon  followed 
by  Oapello  and  Ivens,  Portuguese  travelers,  and  later  by  the 
Scotch  missionary,  Arnot.  It  was,  however.  Professor  Cornet 
who,  in  1892,  first  brought  back  satisfactory  data  concerning 
these  deposits. 

In  1900  the  representatives  of  the  Congo  Free  State  govern- 
ment intrusted  the  investigation  of  this  mineral  region  to  the 
Tanganyika  Concessions,  Ltd.,  of  London.  Through  the  able 
-eflfbrts  of  the  oflacers  of  this  company,  particularly  Messrs. 
Williams,  George  Gray,  and  J.  R.  Farrell,  the  American  engi- 
neer, and  F.  E.  Studtand  the  Belgian  representative.  Monsieur 
H.  Buttgenbach,  the  value  of  the  Katanga  copper-region  has 
been  proved. 

These  deposits  are  situated  in  a  plateau  whose  surface  has 
been  dissected  into  a  region  of  rounded  hills  and  rather  steep- 
sided  valleys.  Elevations  of  the  higher  hills  and  the  lower 
valleys  are  respectively  5,800  and  4,000  ft.  above  sea-level. 
The  copper-bearing  strata  are  harder,  as  a  rule,  than  the  rocks 
of  the  surrounding  country,  and,  in  consequence,  the  ore-de- 
posits are  usually  located  on  hills.  These  hills,  in  contradis- 
tinction to  the  surrounding  timbered  country,  are  bare  of  trees 
and  shrubs,  and  between  them  and  the  forests  grow  the  misuka 
or  mahobohobo  bush,  which  is  here  a  most  excellent  copper-in- 
dicator. This  de-forestation,  due,  unquestionably,  to  the  pres- 
ence of  the  deadly  copper-salts  in  solution  in  the  soil  and  sub- 
soil, has  proven  a  valuable  aid  in  prospecting. 

The  copper-deposits  are  situated  in  quartzose  strata  varying 
from  incoherent  sandstones  to  quartzites,  and  in  schists,  slates, 
and  limestones.  According  to  Buttgenbach,  eruptive  rocks  are 
not  closely  connected  with  the  deposits.  The  sedimentary  rocks 
strike  generally  WNW.,  and  dip,  as  a  rule,  steeply.  Sharp 
folding,  faulting,  and  brecciation  are  common  in  the  vicinity 
of  the  ore-deposits. 

The  more  abundant  copper-minerals  of  the  Katanga  ores, 
which  average  about  15  per  cent,  of  copper,  are  malachite, 
chrysocoUa,  azurite,  and  melaconitc,  while  cuprite,  dioptase, 
native  copper,  and  chalcopyrite  are  rare.    Finely-divided  chry- 

'  Reisenach,  Urua-Katanga,  MiUheil  der  Africain  QesdUchaft  in  Deutsehknidf  vol. 
iv.,  No.  5,  p.  303  (1885). 
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socolla,  azurite,  and  malachite  are  found  impregnating  the 
country-rocks,  and  also  in  the  form  of  botryoidal  and  mammillary 
masses,  the  three  minerals  being  frequently  closely  associated 
with  one  another.  Calcite  layers  occur  in  such  masses,  and 
malachite  in  some  cavities  takes  the  form  of  stalactites.  Mela- 
conite,  while  often  associated  with  these  carbonates  and  sili- 
cates, occurs  also  in  ore  intimately  mixed  with  limonite  and 
manganese  dioxide.  Beds  of  hematite  are  not  rare  in  the 
vicinity  of  the  copper-deposits,  and  this  mineral  is  one  of  the 
most  important  gangue  minerals.  Besides  those  already  men- 
tioned, quartz  is  a  common  gangue  mineral,  and  barytes  has 
been  found  at  Kambove  Mine  No.  1.  Analyses  show  the  ore 
to  be  a  siliceous  one,  notable  for  the  presence  of  nickel  and,  in 
instances,  traces  of  gold  and  silver. 

The  ore-bodies  vary  in  size  from  comparatively  small  to 
mammoth  ones,  such  as  Kambove  No.  2,  reported  to  be  3,000 
ft.  long  and,  so  far  as  tested,  from  240  to  400  ft.  wide.  It  is 
said  to  contain  10,000,000  tons  of  15-per  cent,  copper-ore  in 
each  100  ft.  of  sinking.  These  ore-bodies  are  remarkably  alike 
in  mineral  paragenesis  and  in  form,  and  probably  all  have  a 
<5ommon  origin.  The  deposits  consist  of  lens-like  masses,  with 
their  longer  dimension  parallel  to  the  strike  of  the  rocks,  and 
in  the  greater  number  of  cases  the  ore-body  follows  the  dip. 
The  ore  is  usually  contained  within  rather  well-defined  walls. 
Near  the  center  of  many  of  the  deposits,  and  parallel  to  their 
extension,  is  a  sugary,  sandy  quartz,  much  fissured,  in  which 
copper  carbonates  and  oxides  occur  in  large  masses.  Away 
from  this  quartz  band  the  country-rock  is  impregnated  with 
malachite,  chrysocolla,  and  azurite.  In  schists,  thin  sheets  of 
these  minerals  occupy  the  closely-spaced  schistosity-planes  in 
such  a  way  as  to  remind  one,  looking  across  the  schistosity,  of 
'  a  book  whose  leaves  are  alternately  green  and  white  Where 
the  rocks  are  fractured  or  brecciated,  veins  and  nodules  of  the 
carbonates  and  oxides  occur.  Chalcopyrite  has  been  found  in 
small  veins,  and  at  the  Musonai  mine  impregnates  the  sand- 
stones. This  sulphide  is  more  or  less  altered  to  malachite, 
chrysocolla,  and  limonite. 

Cornet  believes  these  deposits  to  be  the  "  iron  hats  "  of  cop- 
per sulphide  bodies,  as  does  Buttgenbach,  who  expects,  further, 
that  the  sulphide  body  will  consist  of  chalcopyrite,  bornite, 
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hematite,  and  magnetite,  in  a  vein  or  veins  parallel  to  the  bed- 
ding of  the  sedimentary  rocks.  The  frequent  presence  of  the 
medial  line  of  quartz  suggests  that  the  original  deposits  were 
fissure-veins,  with  the  country-rock  nearby  more  or  less  impreg- 
nated with  chalcopyrite.  Since  the  Katanga  has  suffered  nota- 
ble erosion,  the  oxidized  ore-bodies,  as  exposed,  doubtless  con- 
tain the  equivalent  copper-content  of  many  feet  of  narrower 
veins  which  have  been  removed  by  erosion.  As  a  result,  the 
sulphide  veins,  when  found,  may  be  considerably  narrower  than 
the  outcropping  oxidized  ores. 

Lying,  as  it  does,  10°  S.  of  the  equator  and  more  than  three- 
quarters  of  a  mile  above  sea-level,  the  Eatanga  enjoys  a  climate 
rather  favorable  to  white  settlement.  The  native  labor-supply 
is  fair,  timber  is  sufficiently  plentiful  for  mining  needs,  and^ 
while  coal  is  lacking,  electric  power-plants  can  be  readily  located 
near  the  mines.  The  ore,  being  soft,  is  easily  mined,  and  the 
deposits,  being  on  hill-tops,  can  be  quarried  or  worked  by  steam- 
shovels  for  a  considerable  time.  The  necessary  hematite  and 
limestone  for  smelting  purposes  are  at  hand,  and  the  company 
engineers  report  that  sufficient  oxidized  ore  has  been  opened 
up  to  meet  all  demands  for  many  years. 

The  actual  production  of  copper  or  copper-ore  merely  awaits 
the  arrival  of  the  Cape-to-Cairo  railroad,  which  has  recently 
reached  the  Rhodesian  frontier  from  the  south,  and  presum- 
ably many  of  the  deposits  will  be  producing  mines  within  less 
than  two  years. 

6.  The  Bamanga  Copper-Deposit. — This  deposit,  which  was 
casually  examined  by  one  of  us  in  1908,  lies  on  a  small  island 
in  the  Congo  river,  about  7  miles  below  Ponthierville.  It  was 
then  and  is  now,  according  to  report,  being  actively  developed 
by  a  sub-company  of  the  Chemin  de  fer  des  Grand  Lacs. 

The  country-rocks  seen  consist  of  a  red  arkositic  sandstone 
or  quartzite,  which  is  presumably  younger  than  a  coarsely-por- 
phyritic  biotite-granite  gneiss  with  which  it  is  in  contact.  "With 
the  granite-gneiss  is  a  little  hornblende-biotite  gneiss,  evidently 
representing  a  mashed  basic  igneous  rock.  These  rocks  dip 
steeply,  the  strike  being  roughly  E-W.  The  ore  occurs  in 
parallel  veins,  cutting  all  the  country-rocks,  or  what  is  equally 
probable,  in  short  lenticular  bodies,  in  fractures  more  or  less 
continuous,  and,  in  part  at  least,  faults.     These  ore-bodies,  as 
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exposed  in  the  open-cute,  vary  in  width  from  0.5  in.  to  2  ft., 
and  strike  u  little  east  of  north. 

The  original  minerals,  tilling  the  fracture-cavities  and  incas- 
ing the  included  fragments  of  country-rock,  are  quartz,  chalco- 
cite,  and  chalcopyrite.     The  first  two  are  frequently  well  crys- 
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tallized  in  vugs.  The  secondary  minerals  are  azurite  and 
malachite,  with  some  native  copper  and  bornite.  Picked  ore 
runs  from  31  to  55  per  cent,  of  copper,  and  appreciable  quan- 
tities of  gold  and  silver  are  reported  to  be  associated  with  it. 
In  November,  1908,  the  monthly  product  was  said  to  be  3  or  4 
tons,  with  an  encouraging  monthly  increase.     In  the  general 
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vicinity,  gold  and  silver  occur  in  iron-stained  fractures.  In  addi- 
tion to  small  gold-placers  near  Bamanga,  copper-placers  are 
reported  to  occur  along  the  river-bank,  which  was  flooded  at 
the  time  the  mine  was  visited.  Pebbles  of  rich  copper-ore 
occur  in  these  placers,  in  thin  beds,  inter-stratified  with  recent 
alluvial  sands. 

c.  The  Bembe  Deposit — Bembe*  is  situated  in  Portuguese  West 
Africa  (Angola),  about  110  miles  inland  from  the  Atlantic  coast 
and  75  miles  south  of  the  Belgian  Congo  frontier.  The  de- 
posits, lopg  worked  by  the  natives,  were  the  property  of  several 
neighboring  villages,  but  natives  from  other  villages  were  per- 
mitted to  work  them  on  a  royalty.  Untimbered  holes,  3  or  4  ft. 
in  diameter,  were  sunk  to  from  24  to  80  ft.  depths,  with  native 
hoes  and  trade  knives.  Descent  into  and  ascent  out  of  these 
holes  was  by  means  of  wooden  pegs  driven  into  the  sides  of  the 
pits. 

The  country-rock  consists  of  clay-slates,  and  limestones,  strik- 
ing NW.  and  dipping  steeply  SW.  The  ore,  largely  malachite 
with  some  atacamite,  occurs  as  masses  imbedded  in  clays,  ap- 
parently derived  from  the  clay-slates.  The  lumps  of  ore,  which 
has  associated  with  it  much  iron  oxide,  vary  in  size  from  that 
of  shot  to  masses  weighing  3  tons. 

d.  3rBoka  SongOj  Mindouli^  and  Abikula  Deposits,^ — In  the 
French  Congo,  just  north  of  the  Belgian  Congo  frontier,  is  a 
belt  of  copper-deposits,  more  or  less  continuous,  stretching  in 
an  ENE.  direction  through  a  distance  of  60  miles.  M'Boka 
Songo  and  Mindouli,  the  better  known  of  these  deposits,  occur 
respectively  at  the  western  and  eastern  limits  of  this  belt. 
These  two  deposits  have  been  mined  by  the  natives  for  centu- 
ries, and  even  at  the  present  day,  in  the  dry  season,  from  800 
to  850  natives  are  said  to  work  at  Mindouli.  One  pit  for  cop- 
per, made  by  natives  at  M'Boka  Songo,  is  said  to  be  400  m. 


*  Monteiro's  Angola  and  the  River  Congo,  vol.  i.,  pp.  189  to  196  (1875).  Thomas, 
Lewis,  The  Oeographieal  Journal,  London,  p.  604  (1908). 

'  De  Launaj,  Lea  BiehesaeM  MineraleB  de  PAJrique,  p.  124  (1904).  M.  Barrat, 
Annale$  da  Mines,  Ninth  Series,  vol.  vii.,  pp.  460  to  468  (1895).  M.  Levat,  An^ 
nales  des  Mines,  Tenth  Series,  vol.  xi.,  pp.  1  to  66  (1907).  M.  Bertrand,  Bevue  Oin- 
h-ale  des  Seiencee,  pp.  792  to  796  (1895).  A.  Le  Chatelier,  Qmptet  Bendut  dee 
Sianeee  de  CAcadimie  dee  Seieneea,  vol.  czvi..  No.  17,  pp.  894  to  896  ( 1893).  Du- 
pont,  Lettres  tur  le  Congo  (1889).  Brien,  V.,  review  of  forthcoming  publication 
on  copperrmines  in  French  Congo,  TrUmne  Congolaiee  (Sept  23,  1909). 

[19] 


272  MININQ-GONDITIONS   IN   THE   BELGIAN   CONGO. 

long  by  60  m.  wide  and  20  m.  deep.  Both  copper-  and  lead- 
ores  are  smelted  in  small  crucibles  there.  While  malachite  is 
the  ore  much  preferred,  chalcocite  is  recognized  by  the  blacks 
to  contain  a  high  percentage  of  copper,  and  they  add  a  bit  of 
it  to  the  charge.  Shipments  of  malachite  were  formerly  made 
to  Marseilles,  but  heavy  transport-charges  rendered  this  un- 
profitable. At  present,  however,  a  narrow-gauge  railway  is 
being  constructed  between  Brazzaville,  on  Stanley  Pool,  and 
Mindoula,  and  active  exploitation  will  soon  begin. 

There  are  two  chief  country-rocks  in  this  hilly  region:  a 
limestone  with  a  thin  conformable  sandstone  layer  above  it, 
generally  referred  to  as  Devonian;  and  an  unconformable 
reddish  sandstone,  accompanied  by  argillaceous  mica-shales, 
fissile,  and  brick-red  in  color,  supposed  to  be  the  equivalent  of 
the  Karoo  sandstone  of  South  Africa.  Pebbles  of  the  former 
country-rock  have  been  found  in  the  latter. 

At  M'Boka  Songo  the  ores  chiefly  occur  imbedded  in  clay 
pockets  in  the  irregularly-weathered  surface  of  the  limestone. 
There  are  also  more  or  less  tabular  deposits  near  the  contact 
of  the  limestone  and  the  conformably  overlying  sandstone. 
At  Mindoula  the  tabular  deposits  at  or  near  the  contact  pre- 
dominate, and  these  ore-bodies  coincide  in  dip,  as  a  rule,  with 
the  country-rocks.  The  limestone,  in  the  vicinity  of  the  ore- 
bodies,  is  silicified,  and  in  instances  is  a  veritable  stockwork  of 
veinlets  of  chalcocite.  Sheets  of  ore  follow  down  the  joints 
in  the  limestone. 

The  ores  present  are  numerous  and  many  of  them  unusual. 
They  include  malachite,  azurite,  dioptase,  chalcocite,  tetrahe- 
drite,  and  black  copper  oxide,  argentiferous  galena^  cerussite, 
and  wulfenite,  calamine  and  willemite,  limonite  and  an  iron 
phosphate,  and  native  silver.  As  gangue  minerals,  calcite, 
quartz,  and  a  carbonate  of  manganese  are  present. 

At  M'Boka  Songo  the  country-rock  is  highly  calcareous, 
while  at  Mindouli  and  Abikula  it  is  more  siliceous.  As  a  con- 
sequence, through  mass  chemical  action,  silicates  predominate 
at  Mindouli  and  Abikula  and  carbonates  are  the  main  ores  at 
M*Boka  Songo. 

As  is  true  of  many  mineral  deposits  where  the  workings  ex- 
tend to  no  great  depth,  the  origin  of  these  ore-bodies  is  a 
mooted  question.     Barrat  and  most  of  the  older  investigators 
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believed  them  to  be  the  oxidized  portion  of  veins,  the  secondary 
minerals  replacing  the  limestone  to  some  extent.  He  believed 
the  deposits  to  be  genetically  related  to  the  intrusion  of  a  dia- 
base  which  cuts  the  limestone  in  this  general  vicinity.  Levat 
believes,  as  does  apparently  Brien,  that  the  minerals  were 
originally  deposited  in  the  overlying  conformable  sandstones, 
and  that,  through  leaching,  concentration,  and  re- deposition, 
they  are  now  found  in  the  limestone,  the  composition  of  which 
is  favorable  to  replacement. 

3.   Tin. 

"While  cassiterite  has  been  found  at  several  and  reported 
from  many  localities  in  the  Belgian  Congo,  it  is  only  in  the 
Katanga  ^®  that  deposits  rich  enough  to  exploit  in  the  future 
have  been  found.  The  tin-belt  of  the  Katanga  is  situated  on 
the  west  slope  of  the  rugged  Bia  mountains,  and  extends  NE. 
from  a  short  distance  north  of  Ruwe  to  a  point  not  far  south  of 
Lake  Kabele  through  a  distance  of  some  110  miles.  The  rock 
of  these  mountains  is  a  biotite  granite,  which  to  the  west  in- 
trudes mica  schists,  slates,  and  quartzites,  carrying  tourmaline. 
The  sedimentary  rocks  are  considered  by  Studt"  to  be  of 
Silurian  age. 

The  tin-deposits  are  of  three  kinds:  1,  quartz-muscovite- 
cassiterite  veins;  2,  residual  deposits  from  these;  and  3,  placers 
derived  directly  from  the  other  two  sorts  of  deposits.  The 
veins  for  the  most  part  are  situated  in  the  sedimentary  rocks 
near  the  granite,  but  sometimes  are  in  the  granite  itself.  They 
are  vertical  and  occur  in  two  sets,  one  quite  regular  in  values 
striking  NW.,  the  other  at  right  angles,  sometimes  richer  but 
less  constant  than  it  in  content.  The  veins  are  from  300  to 
4,000  ft.  long.  Cassiterite  occurs  in  good  and  often  very  large 
crystals,  imbedded  in  quartz,  and  is  frequently  more  abundant 
near  the  borders  of  the  veins.  Undoubtedly  these  veins  are 
dependent  in  origin  on  the  after-efiects  of  the  granite  intrusion. 

The  residual  deposits,  most  important  economically,  are 
derived  from  the  breakdown  of  these  veins.     The  tin-bearing 


^®  Buttgenbach,  Annalea  de  la  Societe  Oiologique  de  Bdgiqwty  vol.  xzxiii.,  M^ 
moires,  pp.  49  to  52  (1906-06).  Buttgenbach,  Carte  G^logique  da  Katanga,  A^- 
nalea  du  Musie  du  OongOy  Second  Series,  Katanga,  pp.  70  to  72  (1908).  Various 
reports  of  the  Tanganyika  Concessions,  Ltd.  (1900  to  1906). 

"  Stndt,  Annaies  du  MutU  du  Qmgo,  Second  Series,  vol.  i.,  p.  14  (1908). 
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layer  averages  2  ft.  in  tbickneBa,  and  carries  a  mean  tenor  of 
1  per  cent,  of  tin.  These  deposits,  discovered  in  1908,  are 
estimated  to  contain  20,000  tons  of  tin  of  excellent  quality. 
On  the  ground,  early  in  1906,  some  8  tons  of  tin  were  smelted. 
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The  deposits  are  close  to  a  navigable  stretch  of  the  Lualaba 
(Congo),  and  plenty  of  water-power  is  at  band. 


4.  Iron. 
Iron-ore  of  various  grades  is  plentiful  in  the  Belgian  Congo, 
and  indeed  in  that  country  is  one  of  the  world's  more  important 
iron-reserves.  Since  long  before  the  white  man's  coming, 
Congo  natives  of  many  tribes  have  smelted  iron-ore  and  skill- 
fully fashioned  the  metal.  The  craft  is  highly  rated  among 
the  natives,  and  not  rarely  descends  from  father  to  eon,  or  at 
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least  rerawDs  forever  within  a  certain  caste.  The  ore  is  de- 
rived largely  from  a  recent  iron-stone  conglomerate,  Fig.  4, 
which  is  widely  distributed  in  the  Belgian  Congo.  The  limonite 
and  hematite  cement  of  this  conglomerate  is  readily  smelted  by 
the  natives,  but  is  of  too  low  grade  and  occure  in  bodies  too 
small  for  exploitation  by  the  white  man. 


PLAN  SECTION  THROUGH  E 

A.  3-  bj  3-  by  2.5-ft.  clnj-lined  hvii,  or  alsg-col lector. 

B.  Shdlow  pit ;  open-heaKh  fnmtice  in  which  are  piftced  ore  and  charcoal ; 

clay  lined. 
O.  Tayere  ;  clay  cylinder. 

D.  Bellows. 

E.  Opening  through  which  slag  escapes. 


Sketch  oF  bellows.  A  and  A',  loose  lealher  capa,  to  be  worked  ap  and  down  by 
handlei  B  and  B',  compreaaing  air  in  wooden  shell  D,  which  is  expelled  at  orifice 
a     Valves  ate  and  E 

Fio.  6. — DjuBiA  EwiLU  Ibon-Furhace. 

In  nearly  every  part  of  the  Belgian  Congo  are  primitive  iron- 
smelters,  and  in  principle  they  are  very  Bimilar  to  either  the 
shaft  or  open-hearth  iron-Bmelters  in  civilized  countries.  The 
accompanying  sketches.  Figs.  5  and  6,  show  in  a  general  way 
the  characteristics  of  these  furnaces,  which  are  types  used 
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respectively  by  the  natives  of  the  Djuma  Kwilu  region  and  of 
the  mountains  NE.  of  Kasongo. 

The  furnaces  are  in  each  case  charged  v^^ith  small  fragments 
of  limonite  and  hematite,  mixed  with  wood-charcoal,  or  in 
alternating  layers  with  it.  The  blast  is  furnished  by  hand  by 
means  of  a  bellows  constructed  in  general  after  the  principle 
outlined  in  Fig.  6.  The  furnaces  are  usually  clay-lined  or  are 
constructed  directly  in  a  huge  ant-hill.  The  tuyere  is  of  baked 
clay.  The  product  is  a  more  or  less  porous  iron  containing 
considerable  slag  and  some  charcoal.  This  iron  is  placed  on  a 
stone  anvil,  where  it  is  freed  from  its  impurities  by  pounding, 
and  is  then  cleverly  forged  into  knives,  spears,  bracelets,  hoes, 
etc.  Apparently  the  whole  process  depends  for  its  success 
largely  upon  the  benign  oversight  of  the  iron-maker's  fetish, 
which  is  ever  present  when  iron  is  to  be  made. 

Among  the  Nondos,  living  to  the  east  of  the  Lualaba  (Congo) 
river  and  about  50  miles  NE.  of  Kasongo,  iron-smelting  is 
highly  developed.  The  natives  actually  mine  with  pointed 
sticks  and  iron  spear-heads  an  impure  hematite  in  shallow 
"gopher"  holes  and  inclines.  A  part  of  the  ore,  a  specular 
hematite,  is  obtained  at  Mauna  Kusu,  30  miles  away,  and 
towards  Kasongo.  The  chief  smelters  are  located  at  Nyanga 
and  Lumbukahula. 

In  the  forests  nearby,  beneath  rude  thatches,  logs,  half-buried 
in  the  soil  and  partially  sand-covered,  mark  the  locations  of 
charcoal  "  ovens."  Long  before  reaching  one  of  these  villages 
the  "  puft-puff"  of  the  bellows  is  heard,  and  upon  arriving  the 
well-built  houses  and  comfortably-clothed  natives  speak  of  a 
prosperity  unusual  in  Central  Africa.  In  each  village  are  sev- 
eral smelters,  each  inclosed  in  a  clay  house  with  banana-leaf- 
thatched  roof.  These  buildings  are  15  by  25  ft.  in  plan,  with 
8-ft.  walls  and  a  ridge  7  ft.  higher. 

The  burnt-clay-lined  furnace,  as  seen  in  Fig.  5,  is  roughly 
a  blast-furnace  of  the  shaft  type  on  a  small  scale.  The  charge 
is,  in  part,  made  through  the  front  opening,  but  largely  through 
the  top  of  the  furnace.  The  front  opening  is  closed  during 
smelting  by  a  large  flat  stone,  clay-sealed,  with  the  exception 
of  two  holes  on  either  side  for  the  escape  of  molten  slag  and 
iron.  The  charge,  of  0.25-in.  fragments  of  iron-ore  and  char- 
coal, is  placed  in  alternate  layers  in  the  proportion,  by  bulk,  of 
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one  to  four.  Two  runs  are  made  per  day,  one  from  5  to  11 
a.m.,  the  other  between  1  and  7  p.m.  Each  run  results  in  about 
200  lb.  of  porous  iron,  which  is  hammered  into  a  solid  mass 
free  from  slag  and  charcoal.  This  in  turn  is  forged  by  the 
smiths  into  hoes,  knives,  etc.,  which  are  much  prized  through- 
out the  country. 

Several  natives  tend  the  furnace,  besides  the  two  sweating, 
smoke-and-dirt  begrimed  bellows-men,  whose  job  is  not  an  easy 
one.  All  strenuously  affirm  that  the  Arabs  had  no  influence 
upon  the  construction  of  their  furnaces,  but  claim  their  knowl- 
edge of  smelting  and  iron-working  was  a  gift  of  the  gods.  It 
seems  highly  probable,  then,  that  this  trade  was  practiced 
among  the  Nondos  before  the  Arab  invasion.  Before  the  white 
man's  arrival,  smelting  was  preceded  by  sacrifices  of  goats  and 
chickens,  to  propitiate  the  gods  and  to  assure  a  large  yield. 
Whispers  are  also  heard  that  even  human  sacrifices  were  not 
unusual. 

In  the  Djuma  Kwilu  region,  at  and  near  Kivula,  the  natives 
use  the  type  of  furnace  sketched  in  Fig.  6.  Excepting  in  detail^ 
the  smelting-  and  working-processes  are  the  same  as  with  the 
Nondos.  The  latter  work  on  a  considerably  larger  scale,  how- 
ever, and  near  Kivula  the  type  of  furnace  is  distinctly  "  open- 
hearth." 

There  are,  in  the  older  rocks  which  rim  tbe  Congo  basin^ 
many  deposits  of  hematite  and  magnetite  of  excellent  grade, 
some  of  which  are,  in  magnitude,  to  be  compared  only  with  the 
iron-deposits  of  the  Lake  Superior  region.  Our  knowledge  of 
these  is  at  present,  however,  too  meager  to  enumerate  all  of 
the  classes  of  iron-ore  deposits  represented.  Some  are  evi- 
dently magnetites  of  igneous  origin  (and  related  to  gabbroic 
magmas);  others  metamorphosed  sedimentary  rocks,  resem- 
bling the  hematite-magnetite  deposits  of  the  Vermillion  and 
Marquette  ranges ;  again,  others  are  replacements  formed  dur- 
ing the  dying  stages  of  granitic  intrusions,  and  still  others 
probably  originated  through  the  recrystallization  and  migra- 
tion of  material  during  regional  metamorphism. 

That  huge  iron-deposits  exist  in  Central  Africa  is  certain, 
and,  in  our  opinion,  before  the  end  of  the  present  century  this 
region  will  become  an  important  factor  in  the  world's  iron-pro- 
duction. 
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5.  Salt, 

In  eastern  Belgian  Congo  are  a  number  of  hot  and  cold  saline 
springs,  from  which  the  natives  have  long  obtained  salt,  an 
article  highly  prized  among  them.  At  Bena  Sombo,  near 
Nyangwe,  rather  strongly  saline  water,  ranging  in  temperature 
between  44^  and  47®  C,  bubbles  gently  from  crevices  in  flat- 
lying  shale  at  the  wide  head  of  a  valley.  The  process  of  manu- 
facture, which  has  been  followed  by  the  natives  for  generations, 
:and  has  even  made  an  important  personage  throughout  the 
<JOuntry  of  the  chief,  is  as  follows :  Once  a  month,  having  insured 
^n  abundant  flow  of  unusually  saline  water  by  the  sacrifice  of  a 
goat  to  the  fetish  of  the  place,  the  villagers  build  around  the 
springs  low  mud-and-rock  embankments,  thus  impounding  the 
water.  From  these  ponds  round  earthenware  pots  are  filled  and 
carried  to  the  village,  where  the  salt  weed, "  medicine ''  to  hasten 
•evaporation,  is  thrown  into  them  and  they  are  placed  over  fires. 
The  resultant  salt  is  medium-grained  and  dark  gray,  due  to  the 
contained  smoke  and  other  impurities.  Some  250  lb.  is  produced 
monthly,  and,  strange  to  say,  this  salt  is  generally  preferred  by 
the  natives  to  the  pure  salt  imported  from  Europe. 

Years  ago  salt  was  obtained  from  four  or  five  nearly-boiling 
and  more  or  less  intermittent  hot  springs,  issuing  at  the  ex- 
treme north  end  of  Lubware  peninsula  in  Lake  Tanganyika. 
Due  to  some  superstition,  this  work  was  abandoned,  and  it  is 
now  difficult  to  get  the  natives  of  the  peninsula  even  to  go  near 
the  springs.  A  liter  of  this  water  yields  a  heaping  teaspoonful 
of  fairly -pure  salt. 

Where  such  salt-springs  do  not  occur,  the  natives  in  swampy 
places  cultivate,  or  gather  wild,  certain  grasses  and  water-plants 
which  contain  considerable  potassium  chloride.  By  burning 
these  plants  and  permitting  water  to  seep  through  the  ashes, 
and  then  evaporating  this  water,  potassium  chloride  is  ob- 
tained, which  serves  as  a  substitute  for  salt. 

6.  Silver  and  Other  Metallic  Products. 

Native  silver,  while  present  in  association  with  the  copper-ores 
of  Mindouli,  has  not  as  yet  been  found  in  quantity  in  the  Bel- 
gian Congo.  The  rarity  of  Tertiary  and  post-Tertiary  igneous 
intrusions,  with  which  silver-ores  are  so  often  associated  in  other 
countries,  may  explain  this.     With  the  exception  of  the  occur- 
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rence  of  platinum  and  palladium  in  association  with  gold  at 
Ruwe,  these  metals  have  not  yet  been  definitely  reported  from 
the  Belgian  Congo.  Lead-  and  zinc-ores  occur  sparingly  with 
the  copper-ores  in  the  French  Congo,  and  lead  was  there 
smelted  by  the  natives. 

7.  Non- Metallic  Products. 

Up  to  date  neither  petroleum  nor  merchantable  coal  has  been 
found  in  the  Belgian  Congo.  Of  the  other  non-metallic  miner- 
als, diamonds,  salt,  barite,  allanite,  copal,  marble,  and  building- 
stones  occur  in  more  or  less  quantity.  While  diamonds  have 
been  found  in  the  Katanga  and  elsewhere,  there  is  no  proof  as 
yet  that  this  precious  stone  occurs  in  workable  quantity.  Copal, 
in  part  fossil  copal,  and  in  part  resin  from  present-day  trees,  is 
bought  in  small  quantities  from  the  natives  by  several  commer- 
cial companies.  In  1908  its  export-value  from  the  Belgian 
Congo  was  $358,000.     The  other  non-metallic  minerals  are  not 

exploited. 

VII.  General  Mining-Conditions. 

Transportation. 

Matadi  and  Boma  (from  18  to  20  days  from  Antwerp  and 
Bordeaux)  are  at  present  the  principal  ports  of  entry  for  the 
Belgian  Congo.  Steamers  leave  for  these  ports  from  Antwerp 
every  three  weeks  (Belgian  Line)  and  once  a  month  (Holland 
Line);  from  Bordeaux  once  a  month  ;  from  Liverpool  for  the 
African  West  Coast  every  week ;  and  from  Lisbon  to  Cabinda, 
etc.,  every  two  weeks. 

The  northeastern  corner  of  the  colony  is,  however,  served  in 
part  by  the  Nile  steamers  and  railroad  (Alexandria  to  Lado,  35 
days),  while  the  eastern  frontier  receives  some  supplies  and 
mail  by  the  Indian  ocean  ports,  Dar-es-Salaam  (Qerman  East 
Africa)  and  Mombasa  (British  East  Africa).  The  trip  by  rail, 
steamer,  and  caravan,  across  British  East  Africa,  requires  from 
80  to  35  days.  Now  that  the  Cape-to-Cairo  railroad  extends 
from  Cape  Town  to  the  Belgian  Congo  frontier,  it  will  natu- 
rally become  more  and  more  the  outlet  for  the  rich  Katanga 
country.  The  railroad  from  Benguela  bay  (Portuguese  West 
Africa),  when  completed  into  the  Katanga  country,  may  be  a 
strong  competitor  of  the  Cape-to-Cairo  road. 

Within  the  Belgian  Congo  itself  there  are  now  three  rail- 
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roads.  The  Mayumbe  railroad  extends  30  miles  N.  from  Boma, 
and  the  lower  Congo  railroad  connects  Matadi,  the  seaport, 
with  Leopoldville  at  the  beginning  of  the  Upper  Congo  navi- 
gation. This  narrow-gauge  road,  which  is  250  miles  long, 
handles  at  present  practically  all  of  the  exports  and  imports  of 
the  Belgian  Congo.  The  Congo  river  is  navigable  from  the  ter- 
minus of  this  railroad  (Leopoldville)  to  Stanleyville,  a  distance 
of  20  days  by  steamer,  at  which  point  the  first  division  of  the 
broad-gauge  Grand  Lakes  railroad  begins,  Fig.  7,  running  to 
Ponthierville,  about  80  miles  up  river.  From  the  latter  point 
there  is  a  stretch  of  navigable  river  to  Kindu,  four  days  by 
steamer,  where  the  second  division  of  the  railroad  starts, 
which  is  now  completed  to  a  point  opposite  Kasongo.  This 
division  will  be  completed  to  Porte  d'Enfer,  above  which  the 
Congo  is  or  can  be  made  navigable  to  Lake  Upemba,  where  a 
third  division  will  begin,  which,  when  finished,  will  complete 
the  connection  between  the  port  of  Matadi  and  the  Katanga 
region. 

Another  railroad-line  is  being  surveyed  from  Pania  Mu- 
tambo — -just  above  Lusambo — to  the  Katanga  mining-region. 
In  addition  to  these  railways,  a  traction-engine  route  is  under 
consideration  in  northeastern  Belgian  Congo,  which  will  con- 
nect the  navigable  waters  of  the  Congo  with  those  of  the  Nile. 

Many  steamers  belonging  to  the  government,  to  commercial 
companies,  or  to  missions,  ply  the  navigable  stretches  of  the 
Congo  just  described.  Two  of  these  steamers,  between  Leo- 
poldville and  Stanleyville,  are  of  500  tons.  In  addition  to  the 
2,000  miles  of  the  Congo  which  are  navigable,  there  are  about 
5,000  miles  of  navigable  tributaries,  among  which  are  the 
Kasai,  the  Sankuru,  the  Ubangi,  and  the  Lomami.  One  may  as- 
cend many  smaller  tributaries  of  these  affluents  of  the  Congo 
in  canoes  or  whale-boats.  Fig.  8. 

Interior  travel  is,  however,  very  largely  on  foot  by  caravan- 
trails,  which  are  broad  and  usually  kept  in  good  condition. 
Fig.  9  is  a  view  of  a  suspension-bridge,  constructed  of  vines  by 
the  natives,  on  a  caravan-route  crossing  the  Lubefu  river,  which 
at  this  place  is  300  ft.  wide.  Off  of  these  main  routes  the  native 
trails  are  often  difficult  to  travel,  being  narrow,  swampy,  over- 
grown with  grass,  or  almost  impassable  through  forest.  It  is 
over  these  trails  that  one's  baggage,  supplies,  and  provisions 
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are  carried  by  native  porters.  When  they  are  heavily  charged 
and  are  expected  to  carry  steadily  for  a  week  or  more,  12  miles 
is  a  good  average  day's  journey,  though  at  times  double  that 
distance  is  made. 

The  postal  service  in  the  Belgian  Congo  is,  all  things  consid- 
ered, very  satisfactory.  There  are  two  main  telegraph-  and 
telephone-lines  within  the  colony ;  one  connecting  Boma  and 
Coquilhatville,  the  other  Kasongo  and  Uvira.  Cables  to 
Europe  usually  go  to  Brazzaville  and  Loanga  in  the  French 

Congo. 

2.  Labor. 

There  is  an  estimated  population  in  the  Belgian  Congo  of 
from  12,000^000  to  15,000,000  natives.  It  seems,  therefore,  at 
first  sight,  that  the  labor-problem  is  an  easy  one,  as  certainly  the 
major  part  of  the  manual  labor  must  be  performed  by  natives. 
Such,  however,  is  not  the  case.  The  black  is,  as  a  rule,  lazy 
and  perfectly  content  to  allow  his  wife,  or  wives,  to  work  in  the 
plantations  to  insure  him  the  life  of  idleness  that  to  him  is  one 
of  luxury  and  happiness.  The  dignity  and  the  value  of  labor 
are,  nevertheless,  being  slowly  taught  the  native,  and  as  he  has 
by  nature  a  strongly-developed  imitative  faculty,  the  labor-prob- 
lem is  by  no  means  hopeless.  Clever  native  carpenters  and 
blacksmiths  are  seen  at  many  of  the  State  posts,  and  unusually 
well-trained  Congo  men  have  made  excellent  clerks  and  good 
locomotive-engineers.  If  properly  handled,  native  labor  is  not 
too  difficult  to  obtain  in  many  parts  of  the  colony,  and  under 
good  head-men,  the  Congolese  is  a  fairly-efficient  manual  labo- 
rer. For  skilled  labor  and  comparatively  unimportant  cleri- 
cal work,  the  Sierra  Leone,  and  particularly  the  Senegalese, 
negroes  are  very  satisfactory,  as  are  also  the  East  Coast 
black  men. 

The  climate  greatly  handicaps  the  work  of  the  white  man  in 
most  parts  of  the  Congo,  and  in  manual  labor  he  can  never  do 
more  than  direct  the  work  of  natives.  Even  with  the  best  of 
luck  in  any  kind  of  work,  mental  or  physical,  the  white  man's 
efficiency,  counting  illness  and  the  naturally  enervating  eifect 
of  the  climate,  is  cut  down  to  about  one-half  of  what  it  is  in  a 
temperate  climate. 

The  usual  term  of  service  in  the  Belgian  Congo  is  35  months 
in  the  colony  and  6  months  in  Europe,  though  many  of  the  com- 

[29] 


282  MINING-CONDITIONS   IN    THB   BELGIAN   CONGO. 

panies  require  of  their  agents  but  two  years  in  the  tropics.  Ap- 
parently, a  man  between  25  and  85  years  of  age  stands  the  life 
the  best.  This  simply  means  that  a  man  must  be  in  the  best 
condition,  physically  and  morally,  in  order  to  do  good  work  in 
the  African  tropics  with  the  least  permanent  harm  to  himself. 

3.   Timber  and  Water-Power. 

At  the  present  time,  wood  is  the  universal  fuel  in  the  Bel- 
gian Congo,  excepting  for  driving  the  locomotives  of  the  Lower 
Congo  railroad.  Nearly  everywhere,  except  where  the  savanna 
is  most  characteristically  developed,  wood  for  fuel  is  abundant. 
For  important  mining-operations,  however,  hydro-electrical 
installations  will  undoubtedly  be  used.  Wherever  the  older 
folded  rocks  occur,  water-falls  and  rapids  are  common,  and 
power  can  be  developed  in  quantity  very  easily.  Fig.  9  is  a 
photographic  view  of  the  eastern  part  of  the  Pogge  chute,  on 
the  upper  Kasai  river.  The  falls  have  a  head  of  about  30  ft., 
and  about  one-third  of  the  total  width  is  shown  in  the  view. 
Of  all  the  continents,  Africa  will  benefit  most  by  the  perfection 

of  electrical  smelting. 

4.   Costs. 

It  is  impossible  to  give  general  costs  for  mining-operations 
in  the  Belgian  Congo,  and  the  costs  in  particular  cases  will  vary 
so  radically  under  changing  conditions  that  any  figures  that 
could  be  given  must  be  of  little  value.  It  may,  however,  be 
stated  that  costs  are  high  and  that  many  mineral  deposits  in  the 
Belgian  Congo,  at  present  valueless,  would  be  paying  mines  in 
practically  any  other  country. 

Transport-costs  are  excessive.  To  get  machinery  into  the 
upper  Congo  region  or  the  lake  country  from  Antwerp,  one 
must  count  on  at  least  twice  the  original  cost  for  transport  and 
customs  duty. 

A  constantly-changing  white  personnel  is  an  expensive  item ; 
for  outside  of  the  salary,  which  is  naturally  high,  each  up- 
country  agent  is  paid  at  least  six  months  out  of  his  term  when 
he  is  en  route  to  and  from  Europe.  The  journey  itself  is  ex- 
pensive, amounting  to  about  $1,000  per  up-country  agent,  and 
his  actual  living-expenses  in  the  colony  come  to  about  |1,200 
per  year. 

Native  labor  is  comparatively  cheap,  but  it  is  also  compara- 
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lively  inefficient.  Two  ordinary  negroes  will  sink  a  pit  2  ft.  in 
diameter  in  fairly  incoherent  medium-sized  gravels  and  clay 
or  sand  to  a  depth  of  from  4  to  6  ft.  in  a  day  of  10  hr.  A 
man's  pay  ranges  from  4  to  7  cents  per  day,  plus  his  food, 
which  costs  about  8  cents  per  day.  The  wage  of  a  Sierra 
Leone  or  Senegal  negro  ranges  from  50  cents  to  $1.50  per  day, 
including  his  food,  though  the  average  pay  is  about  65  cents. 

For  fresh  food  the  white  man  must  depend  largely  on  goats, 
sheep,  and  chickens,  which  can  generally  be  readily  purchased 
from  the  natives,  along  with  a  few  fresh  vegetables  and  fruits. 
In  the  dry  season  game  is  usually  plentiful,  and  the  State  posts 
generally  have  excellent  gardens,  from  which  European  vege- 
tables are  obtainable.  Unfortunately,  however,  the  greater 
part  of  the  white  man's  food  must  be  sent  out  from  Europe. 

As  to  the  safety  of  capital  invested  in  the  Belgian  Congo,  that 
country  is  much  more  safe  than  the  average  South  American 
republic.  Within  limited  areas  revolts  may  take  place,  but 
neighboring  tribes  cannot  set  aside  their  own  differences  long 
enough  to  unite  against  the  white  man.  Moreover,  even  where 
a  territory  is  in  revolt,  in  many  instances  at  least,  the  white 
man's  property  is  held  sacred.  Evidence  of  the  unsavory 
stories  of  Congo  atrocities  published  from  time  to  time  in 
American  and  English  newspapers  was  not  seen  by  us  in  our 
two  years'  journey  throughout  the  Belgian  Congo. 
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The  Behavior  of  Copper-Matte  and  Copper-Nickel 
Matte  in  the  Bessemer  Converter. 

BT  DAVID   H.  BROWNE,  COPPER  CLIFF,  ONTARIO,  CAN.* 

(Pittsburg  Meeting,  March,  1910.) 

Nickel  has  always  been  a  fruitful  mother  of  problems.  Pre- 
vious to  the  year  1906  nickel  was  regarded  as  an  element  replac- 
ing iron  in  copper-mattes,  and  it  was  believed  that  the  same 
laws  which  governed  the  elimination  of  iron  could  be  applied 
to  nickel.  This  conception  has  lately  undergone  a  complete 
change,  and  nickel  in  all  its  stages  is  now  regarded  as  an  ele- 
ment replacing  copper ;  in  other  w^ords,  copper-nickel  is  con- 
sidered now  as  two  elements,  but  as  one  metal. 

When  we  commenced  our  investigations  on  Monel  metal  we 
made  a  great  many  experiments  on  the  conversion  of  mattes, 
both  high  copper  and  high  nickel.  We  studied  closely  the  com- 
position of  the  mattes  and  the  changes  produced  by  the  blow. 
We  found  in  all  cases  certain  agreements  which  we  believe  are 
due  to  some  law.  Briefly  stated,  our  conclusions  are  as  fol- 
lows : 

1.  Nickel  is  not  an  element  replacing  iron  in  matte. 

2.  Nickel-copper  alloys  act  in  the  matte-blow  like  one 
metal. 

3.  Nickel-copper  alloys  follow,  during  the  matte-blow,  ex- 
actly the  same  laws  as  govern  the  behavior  of  copper  alone. 

This  brings  up  the  question :  What  are  the  laws  governing 
the  production  of  metallic  copper,  and  what  are  the  relations 
of  copper  to  sulphur  and  iron  during  the  Bessemer  blow  ? 


*  Metallurgist  of  the  Canadian  Copper  Co. 
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Our  knowledge  on  this  source  is  derived  from  the  published 
results  of  Douglas,'  Van  Liew,^  Qibb,*  and  Mathewson.* 

Of  these,  the  paper  of  Mr.  Mathewson  is  the  most  complete, 
and  will  be  made  the  basis  of  study.  He  presents  a  series  of 
analyses  of  10-min.  samples  from  three  blows  of  copper  at 
Anaconda,  tabulating  these  results  in  the  form  of  curves  show- 
ing the  elimination  of  iron  and  sulphur  in  relation  to  the  blow- 
ing-time. 

Blowing-time  depends  on  many  factors — on  the  grade  of  the 
matte,  on  the  amount  of  matte  in  the  converter,  on  the  con- 
dition of  the  tuyeres,  on  the  volume  and  pressure  of  the  blast, 
on  the  height  of  the  barometer,  and  so  on.  Blowing-time  is  a 
variable  datum-line.  Moreover,  Mr.  Mathewson's  paper  was 
entitled,  "  Relative  Elimination  of  Iron,"  etc.,  while  the  curves 
give  the  "  rate  of  elimination,"  another  matter  entirely.  Con- 
sequently, his  curves  were  not  comparable  either  with  each  other 
or  with  the  work  of  others.    They  could  not  be  superimposed. 

In  order  to  get  a  fixed  datum-line,  I  recalculated  all  Mr. 
Mathewson's  analyses  and  expressed  the  results  in  "  ratios.'*^ 
Taking  the  percentage  of  copper  in  each  analysis  as  100,  the 
amounts  of  iron  and  sulphur  are  expressed  as  percentages  of 
the  amount  of  copper  present  at  that  time.  For  example,  a 
matte  containing  Cu,  46.08;  Fe,  24.30;  S,  24.70  per  cent, 
becomes  Cu,  46.08,  with  iron  ratio  53.8  and  sulphur  ratio  54.7. 
The  iron  in  this  matte  is  53.8  per  cent,  of  the  amount  of  cop- 
per. These  ratios  were  plotted  in  curves,  and  these  curves  were 
found  to  compare  very  closely  with  each  other  and  with  the- 
work  of  other  observers. 

Tables  I.,  II.,  III.,  and  the  corresponding  Figs.  1,  2,  3,  show 
Mr.  Mathewson's  analyses  as  given  and  as  recalculated.  Table 
IV.  and  Fig.  4  show  all  these  analyses  grouped  according  to  ^ 
per  cent,  rises  in  the  amount  of  copper.  Fig.  4  expresses,  there- 
fore, the  average  of  all  Mr.  Mathewson's  results. 

*  The  Copper  Queen  Mine,  Arizona,  Trans,  j  xziz.,  511  to  546  (1899). 

'  Relative  Elimination  of  Impurities  in  Bessemerizing  Coppar-Matte,  TVayis., 
xxxiv.,  418  to  421  (1904). 

'  Discussion  of  the  paper  of  Mr.  Van  Liew,  TS-ans,,  xxxiv. ,  957  to  963  (1894). 
The  Elimination  of  Impurities  During  the  Process  of  Making  '^  Best  Selected'^ 
Copper,  Proceedings  of  the  Institution  of  Mechanical  Engineers^  April,  1895,  p.  254. 

*  Belative  Elimination  of  Iron,  Sulphur,  and  Arsenic  in  Bessemerizing  Copper- 
iMattes,  Tran8,j  xxxviii.,  154  to  161  (1908). 
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The  curve  of  iron-elimination  is  a  regular  mathematical  curve, 
which  can  doubtless  be  expressed  in  afunctional  equation.  This 
fact,  however,  pertains  to  mathematics  and  not  metallurgy; 
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for  the  present  it  is  enough  to  know  that  iron  slags  off  with 
perfect  regularity. 

On  the  whole,  sulphur  disappears  in  a  straight  line  with  a 
curious  jog  or  reversal  occurring  when  the  iron  is  down  to  5 
per  cent.     This  will  be  referred  to  later. 
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Table  V.,  Fig.  5,  and  Table  VL,Fig.  6,  give  respectively  the 
results  of  reverberatory-furnace  practice  by  Mr.  Qibb,  and  Bes- 
semer practice  by  Mr.  Van  Liew.  The  curves  are  very  inter- 
esting in  showing  the  parallel  nature  of  two  processes. 
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Douglas's  assays,  taken  simply  of  the  tap,  the  white  metal, 
and  the  blister-copper,  do  not  give  a  curve,  but  fix  several 
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Van  Liew. 

valuable  reference-points  which  quite  coincide  with  the  curves 
of  all  the  others,  as  shown  in  Fig.  4A.     When  the  results  of 
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these  independent  observers  show  such  close  agreement,  it  is 
evident  that  "relative  elimination"  is  a  fixed  factor,  no  matter 
how  much  "  rate  of  elimination  "  or  blowing-time  may  vary. 
This  suggests  the  idea  of  the  laws  governing  the  action  of 
copper-matte  in  the  Bessemer  converter. 

Does  nickel-matte  follow  the  same  laws  as  copper-matte? 
This  was  the  problem  the  Canadian  Copper  Co.  had  to  solve 
in  1904.  During  that  year  we  made  very  careful  tests  of  a 
large  number  of  blows,  taking  samples  at  intervals  of  10  min. 
during  the  blow.  First  we  treated  matte  high  in  copper  and 
low  in  nickel,  and  endeavored  to  slag  the  nickel  and  finish  the 
copper  as  blister. 

Considering  the  heat  of  formation,  nickel  would  be  expected 
to  follow  the  iron  easily  and  completely  into  the  slag.  Instead 
of  doing  so  it  displays  a  most  extraordinary  reluctance  to 
part  from  the  .copper,  the  two  metals  clinging  together  in  a 
deathless  affinity,  so  much  so  that  1  lb.  of  nickel  passing  into 
the  slag  drags  1.25  lb.  of  copper  with  it.  Tables  VII.,  VIII. , 
and  IX.  show  the  analyses  of  copper-nickel  mattes  high  in 
nickel.  Tables  X.,  XI.,  XH.,  Xm.,  XIV.,  and  XV.  show 
mattes  high  in  copper.  Looking  over  these  data,  samples 
are  found  of  the  following  composition,  which  are  practically 
blister-alloy : 

Per  Cent.  Per  Cent.  Per  Cent 

Cu 76.34  84.30  86.90 

Ni 21.55  14.35  10.33 

CuNi 97.89  98.65  96.23 

Fe 0.15  0.40  0.10 

8 1.19  0.64  1.04 

While  nickel  during  the  last  stages  of  the  blow  does  oxidize^ 
yet  it  lags  behind  sulphur  as  a  heat-producer.  It  is  impossible 
to  blow  all  the  nickel  out.  About  2  per  cent,  is  always  left  in 
the  finished  copper. 

Tables  VII.  to  XV.  show  that,  even  in  the  most  powerful 
oxidizing  conditions  we  practice,  nickel  resists  oxidation  more 
than  its  heat-value  would  indicate. 

In  attempting  to  plot  these  results  with  copper  as  a  basis  no 
agreement  could  be  observed.  Figs.  7A,  8A,  lOA,  and  15A 
are  given  to  show  how  entirely  erratic  the  curves  were  on  this 
basis.    Plotting  them  on  a  copper-nickel  basis  gave  remarkable 
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results.  Taking  the  percentage  of  copper  and  nickel  together 
as  100,  and  reckoning  the  ratio  of  iron  and  sulphur  thereto, 
we  obtained  perfectly  uniform  curves,  as  shown  in  Figs.  7B, 
8B,  9,  lOB,  11,  12, 13,  and  14. 
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Fig.  8A. -— Undbrblown  Copper-  Fig.  8B. — UNDKRBix)wir  Copper- 
Nickel  Matte  R  Ratios  of  Nickel  Matte  K  Ratios  of 
Nickel,  Iron,  and  Sulphur.  Cop-  Nickel,  Iron,  and  Sulphur.  Cop- 
per =  100.  PER  =  100. 


Taking  an  average  of  these  results,  the  composition  and  ratios 
given  in  Table  XV.  are  obtained.  When  these  data  are  plotted, 
as  in  Fig.  16B,  they  yield  a  set  of  curves  which  show  beyond  a 
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doubt  that  copper-nickel  is  the  basis  of  comparison,  and  that 
the  elimination  of  sulphur  and  iron  is  a  direct  function  of  the 
copper  and  nickel  together  and  not  of  either  metal  separately. 
(See  Figs.  15A  and  15B.)  A  comparison  of  our  curves  ob- 
tained in  this  way  with  those  of  Douglas,  Gibb,  and  Van  Liew 
shows  a  striking  parallelism.  Their  data  were,  however,  some- 
what meager,  and  when  Mr.  Mathewson,  in  1907,  published 
his  results  we  welcomed  the  opportunity  to  compare  his  data 
with  those  we  had  obtained  in  1904  and  1906. 


40       50       GO       70       80       90      100 

per  cent.copper-nickel 

Fig.  9.— Ordinary  Coppee-Nickel  Matte  C.     Ratios  of  Nickel,  Iron, 

AND  Sulphur.    Copper-Nickel  =  100. 


As  previously  stated,  there  was  no  agreement  whatever  to 
be  expected  from  curves  based  upon  blowing-time.  When, 
however,  Mathewson's  ratios  on  a  copper  basis  were  com- 
pared with  our  ratios  on  a  copper-nickel  basis,  the  curves 
were  not  only  similar;  they  were  identical.  The  iron-curves 
given  in  Fig.  4,  Mathewson's  average  on  copper-mattes, 
and  our  average  on  copper-nickel  mattes,  can  be  superim- 
posed   with    remarkable    accuracy,   as   ehown   in   Fig,    16 A. 
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A8  nickel  sulphide  contains  more  sulphur  than  copper  sul- 
phide, the  sulphur-curves  are  not  so  closely  comparable.  They 
are  roughly  parallel  in  the  first  part  of  the  [blow,  and  coin- 
cide after  the  iron  has  been  eliminated.  A  curious  point 
of  resemblance  is  the   little  jog  or  reversal  in  the  sulphur- 
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Fig.  lOA. — Copper-Nickel  Matte  D. 
Ratios  of  Nickel,  Iron,  and  Sul- 
phur.   Ck)PPER  =  100. 
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Fig.  lOK —Copper-Nickel  Matte  D, 
Batios  op  Nickel,  Iron,  and  Sul- 
phur.   Copper-Nickel  =  100. 


curve,  which  occurs  when  the  iron  is  reduced  to  5  per  cent. 
All  the  curves  of  individual  blows  show  this.  The  only  ex- 
planation I  can  ofier  is  that  at  this  point  a  certain  amount  of 
metallic  copper  or  copper-nickel  separates  out  as  metal,  and, 
falling  to  the  bottom  of  the  converter,  leaves  the  sulphur  with 
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which  it  was  united  to  be  absorbed  by  the  overlying  matte, 
which  makes  the  matte  at  this  point  higher  in  sulphur  than  it 
was  before  the  metal  separated  out.  In  order  to  clear  up  this 
matter,  I  have  calculated  the  sulphur  required  to  form  CujS  and 
FeS  in  all  the  Anaconda  mattes,  and  the  sulphur  required  to 
form  Cu,S,  Ni,S,  and  PeS  in  our  own  mattes.  After  tabulating 
these  results,  and  deducting  the  sulphur  actually  present,  the  de- 
ficiency of  sulphur  at  any  point  is  given.  Our  own  mattes  show, 
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Fig.  18,  that  the  sulphur-deficiency  decreases^  and  between  50 
and  75  par  cent,  of  coppar-nickel  the  a  ulphur  is  in  excess  of  that 
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Fig.  16A.— Iron  Ratios. 


V.  L.  Van  Liew. 


required  to  unite  with  the  elements.     The  Anaconda  blows. 
Fig.  17,  do  not  show  an  excess  of  sulphur  at  any  point,  but  they 
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show  a  smaller  deficiency  of  sulphur  between  55  and  75  per 
cent,  of  copper  than  at  other  points  during  the  blow,  a  result 
which  shows  that  there  is  the  same  tendency  in  both  copper- 
and  copper-nickel  mattes.     An  excess  of  sulphur,  or  a  lessened 
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C.  Canadian  Copper  Co.     D.  Doaglas.     M.  Mathewson. 

Fio.  16B.— SxTLPHUR  Ratios. 


V.  L.  Van  Liew. 


deficiency  of  sulphur,  both  point  to  the  dropping-out  of  some 
metal  or  alloy  in  metallic  form. 

All  these  coincidences  seem  to  prove  that  copper-nickel 
alloys  form,  as  far  as  conversion  is  concerned,  one  homogene- 
ous metal.  They  act  together — no  matter  what  the  proportion 
be ;  high  copper  and  low  nickel,  or  vice  versd^  they  present  in 

[13] 
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conversion  the  eame  curious  resistance  to  oxidation,  and  their 
relations  towards  iron  are  absolutely  similar  to  the  relations  of 

Per  Oent. 
Sulphur 


eo  70  80 

PER  CENT.  COPPER 

Fio.  17. — SuLPHUtt  Kelations  or  Copper-Mattes. 

copper  alone.     Of  all  such  alloys,  Monel  metal  is  the  one  we 
know  most  about  at  present. 

This  alloy  contains  about  70  per  cent,  of  nickel  and  80  per 

Percent. 

Sulphur 

80 


30  40  50  60  70  60  90  100 

per  cent.  coppea-nickel 
Fig.  18.— Sulphur- Relations  of  Copper- Nickel  Mattes. 

cent,  of  copper.  This  proportion  is  very  nearly  that  in  which 
the  two  metals  exist  in  the  ores  of  the  Canadian  Copper  Co., 
and  by  careful  attention  to  the  furnace-charge  a  Bessemer  matte 
can  be  produced  within  1  per  cent,  of  the  required  proportion. 

[14] 
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The  matte  is  blown  till  the  iron  is  eliminated,  the  sulphur  is 
removed  by  roasting,  and  the  combined  oxides  reduced  to 
metal.  As  the  compound  metals  have  never  been  separated 
from  each  other,  the  particles  of  each  seem  to  be  in  more  inti- 
mate contact  than  can  be  attained  by  any  synthetic  method  of 
manufacture.  It  seems  incredible,  but  it  is  a  fact,  that  we  have 
not  been  able  to  produce  by  melting  copper  and  nickel  together 
an  alloy  having  the  same  physical  properties  as  the  alloy  pro- 
duced direct  from  the  matte. 

There  seems  to  be  some  physical  reason  why  nickel  and 
copper  cling  together  in  this  way,  and  this  resistance  to  oxida- 
tion in  the  converter  is  in  some  way  connected  with  the  resist- 
ance of  the  finished  alloy  to  oxidation  and  corrosion,  but  what 
this  reason  is  we  do  not  at  present  know.  A  comparison  of 
the  properties  of  copper,  nickel,  and  Monel  metal  may  be  of 
interest. 


• 

Copper, 
Rolled. 

Nickel. 
Rolled. 

Monel  Metal. 

» 

Cast. 

Rolled.    Annealed. 

Tensile  strength,  lb.  per  sq.  in.^ 

34,000 

76,600 

86,000 

100,000       110,000 

Elastic  limit,  lb.  per  sq.  in., 

18,000 

21,000 

40,000 

60,000        80,000 

Elongation  in  2  in.,  per  cent.,  . 

62 

43.9 

25 

30               26 

Contraction,  per  cent.,     .     .    . 

67 

67 

26 

60               60 

Melting-point,  '^C,      .... 

1,084 

1,600 

1,360 

As  before  mentioned,  the  laws  governing  copper-nickel  alloys 
are  not  thoroughly  understood.  The  present  paper  has  been 
in  preparation  for  five  years,  and  is  now  offered,  even  though  it 
is  imperfect  and  incomplete,  at  the  request  of  Mr.  Mathewson 
and  others,  in  the  hope  that  further  research  may  elucidate 
the  thermo-chemical  problems  involved. 


[15] 
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Table  I. — Recalculation  of  MalhewsorCs  Data,  Given  in  His 

Table  I. 


Composition. 

Ratios. 

Cu. 

Fe. 

6. 

Cu  -- 100. 

Fe. 

8. 

Per 
Cent. 

Per 

Cent. 

Per 
Cent. 

Per 

Cent. 

Per 

Cent. 

Per 
Cent. 

46.08 

24.30 

24.70 

46.08 

62.7 

63.5 

46.02 

23.70 

22.95 

46.02 

61.5 

49.8 

51.46 

20.50 

23.10 

51.46 

39.8 

44.8 

6a  27 

18.70 

22.15 

53.27 

36.0 

41.5 

56.29 

16.20 

21.85 

56.29 

28.7 

38.6 

59.90 

13.70 

21.95 

59.90 

22.8    - 

36.6 

62.67 

11.40 

21.35 

62.67 

18.2 

34.2 

67.89 

7.60 

2L15 

67.89 

11.2 

3L2 

73.97 

3.40 

20.10 

73.97 

4.6 

27.2 

77.82 

0.90 

19.60 

77.82 

1.5 

25.2 

74.16 

2.60 

16.60 

74.16 

3.6 

22.4 

81.72 

0.20 

15.35 

81.72 

0.3 

18.8 

98.50 

tr. 

0.78 

98.50 

tr. 

0.8 

98.57 

0.01 

0.78 

(See  Fig.  J.) 

99.08 

tr. 

0.01 

Table  II. — Recalculaiion  of  Mathewson's  Data^  Given  in  His 

Table  n. 


Ratios. 



Composition. 

Fe. 
Per 

Cent 

18.00 

1 

s. 

Per 
Cent. 

23.00 

Cu. 

Per 

Cent. 

54.81 

Cu  =  100. 

Per 

Cent. 

54.81 

Fe. 

Per 

Cent. 

32.8 

6. 

Per 

Cent. 

41.9 

56.26 

17.40 

20.30 

56.26 

31.0 

35.9 

38.25 

30.10 

14.20 

88.25 

78.6 

37.3 

64.71 

10.40 

20.10 

64.71 

16.2 

31.1 

68.86 

7.40 

19.50 

68.86 

10.7 

28.5 

72.72 

4.20 

18.20 

72.72 

5.8 

25.1 

• 

78.29 

1.60 

19.50 

78.29 

2.04 

24.9 

79.49 

0.50 

18.60 

79.49 

0.63 

23.4 

78.27 

0.90 

16.40 

78.27 

1.13 

20.9 

79.63 

1.00 

14.90 

79.63 

1.25 

18.7 

82.85 

0.80 

13.10 

82.85 

0.9 

15.8 

98.46 

0.019 

0.78 

98.46 

0.8 

98.75 

0.012 

0.53 

98.75 

0.6 

99.26 

0.0O4 

tr. 

99.26 

(See  Fig.  2.) 

i 
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Table  III. — Recalculation  of  Mathewson's  Data,  Given  in  His 

Table  III. 


Composition. 

Ratios. 

A 

Cu. 

Per 

Cent. 

Fe. 
Per 
Cent. 

s. 

Per 

Cent. 

Cu=100. 
Per 
Cent. 

Fe. 
Per 

Cent. 

s. 

Per 

Cent. 

40.68 

29.60 

24.30 

40.68 

72.7 

59.7 

41.11 

29.10 

23.50 

41.11 

70.7 

57.2 

42.50 

27.80 

22.70 

42.50 

65.5 

53.4 

49.16 

23.70 

22.60 

49.16 

48.2 

45.9 

55.86 

17.50 

22.90 

55.86 

31.4 

41.1 

62.97 

12.10 

20.40 

62.97 

19.3 

32.4 

72.06 

5.30 

19.10 

72.06 

7.35 

26.5 

78.96 

0.90 

18.70 

78  96 

1.14 

23.7 

81.32 

0.40 

15.90 

81.32 

0.5 

19.5 

98.24 

0.011 

0.81 

98.24 

tr. 

0.8 

98.56 

0.008 

0.86 

98.56 

99.17 

tr. 

0002 

99.17 

(See  Fig.  3.) 

Table  IV. — Recalculatixm  of  Mathewson's  DatUy  Combined  from 

His  Tables  /.,  //.,  and  III. 


• 

Average  Composition. 

Cu. 

Per 

Cent. 

Fe. 

Per 

Cent. 

S. 

Per 
Cent. 

41.33 

28.41 

23.5 

47.41 

23.9 

23.4 

51.18 

19.06 

22.75 

57.08 

16.20 

21.75 

63.85 

11.03 

20.61 

68.37 

7.50 

20.32 

73.22 

3.87 

18.50 

78.84 

0.98 

18.28 

81.73 

0.46 

14.78 

98.51 

tr. 

0.5 

NOTE.- 

(See  Fig.  4.) 
—Average  taken  of  all  analjses  with  Cu  40  to  45,  45  to  50,  etc. 
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Table  V. — Recalculation  of  QibVs  Data  of  Reverheratory- 

Furnace  Practice. 


Compoiitic^. 

Ratios. 

Cu. 

Per 

Cent. 

Fe. 

Per 

Cent. 

8. 

Per 

Cent. 

Cu-lOO. 

Per 

Cent. 

Fe. 

Per 

Cent. 

8. 
Per 
Cent. 

50.7 

25.1 

23.3 

50.7 

49.5 

45.9 

54.0 

22.1 

22.1 

54.0 

40.9 

40.9 

60.0 

17.1 

22.1 

60.0 

28.5 

36.8 

69.8 

9.2 

20.9 

69.8 

13.10 

30.0 

72.7 

5.0 

20.5 

72.7 

6.80 

28.0 

75.4 

1.8 

20.4 

75.4 

2.40 

27.0 

(See  Fig.  5. ) 

Table  VI. — Recalculation  of  Van  Liew^s  Data  of  Bessemer- 
Converter  Practice. 


Composition. 

A 

Cu. 
Per 
Cent. 

Fe. 
Per 

Cent. 

8. 

Per 
Cent. 

49.72 

23.31 

21.28 

50.20 

23.15 

20.99 

56.88 

17.85 

19.74 

64.60 

10.50 

18.83 

76.37 

2.40 

16.30 

99.12 

0.038 

0.15 

Ratios. 

Cu=100. 
Per 
Cent. 

Fe. 

Per 

Cent. 

s. 

Per 
Cent. 

49.72 

46.5 

43.0 

50.20 

46.1 

40.0 

56.88 

31.40 

34.60 

64.60 

16.30 

29.0 

76.37 

3.10 

21.30 

99.12 

0.03 
(See  Fig.  6.) 

0.15 

Table  VII. — Composition  of  Copper-Nickel  Matte  A.  High  Nickel, 

(Sampled  at  10-min.  interrals  during  the  blow.) 


Composition. 

Ratios. 

Ratios. 

■ 

Cu 

Per 

Cent. 

Ni. 

Per 

Cent. 

CuNi. 

Per 

Cent. 

Fe. 
Per 

Cent 

S. 

Per 
Cent. 

Cn 
=  100. 
Per 
Cent. 

Ni. 

Per 

Cent. 

Fe. 

Per 

Cent. 

8. 

Per 

Cent. 

CuNi 
=  100. 
Per 
Cent. 

Ni. 

Per 

Cent. 

Fe. 

Per 

Cent. 

Per 
Cent- 

11.40 

23.72 

35.12 

34.75 

26.54 

11.40 

224.4 

816 

249 

35.12 

67.6 

98.9 

75.6 

14.30 

29.04 

43.34 

26.27 

26.68 

14.30 

203 

184 

186 

43.34 

67.0 

60.8 

61.6 

16..55 

82.96 

49.51 

21.20 

26.62 

16.55 

199 

128 

161 

49.51 

66.7 

42.8 

53.7 

18.85 

37.54 

56.39 

15.61 

26.02 

18.85 

200 

83 

138 

56.39 

66.3 

27.6 

46.0 

20.60 

40.46 

61.06 

12.84 

25.68 

20.60 

196 

59.8 

124 

61.06 

66.2 

20.2 

42.  t 

21.65 

43.32 

64.97 

8.87 

23.88 

21. 6o 

200 

41 

110 

64.96 

66.7 

13.7 

36.8 

22.95 

50.64 

73.59 

3.11 

21.72 

22.95 

231 

13.5 

94.7 

73.59 

68.7 

4.2 

29.4 

20.20 

51.38 

74.68 

2.75 

20.18 

20.20 

261 

13.7 

100 

74.58 

73 

3.7 

27.1 

28.60 

53.36 

76.96 

1.68 

20.70 

28.60 

226 

6.8 

87.3 

76.96 

69.2 

2.2 

26.8 

26.80 

52.48 

78.78 

0.45 

20.18 

26.30 

200 

1.71 

76.6 

7«.78 

66.5 

0.5 

25.6 

29.80 

46.12 

75.42 

2.65 

20.98 

29.30 

157 

9.0 

71 .? 

75.42 

61.2 

3.4 

27.« 

37.05 

50.98 

88.03 

0.96 

8.38 

37.05 

137 

2.6 

22.6 

88.03 

58 

1.1 

9.5 

45.90 

46.50 

92.40 

0.56 

6.52 

45.90 

101 

1.2 

14.2 

92.40 

49.9 

0.6 

7.0 

(See  Fig.  7A.) 

(?ee  Fig.  7B.) 
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Table  VIII. — Composition  of  Copper- Nickel  Matte  B.  High  Nickel. 

(Sulphur  by  Difference.) 

(Sampled  at  10-min.  intervaU  during  the  blow. ) 


• 

Compoeition. 

Ratio*. 

Ratio*. 

On. 

Nl. 

CnNi. 

Fe. 

8. 

Cu 
'100. 

m. 

Fe. 

8. 

CuNi 
-100. 

Ni. 

Fe.      8. 

Per 

Cant. 

is.ge 

Per 
Cent. 
27.60 

Per 

Cent. 
40.68 

Per 

Cent. 

80.5 

Per 

Cent. 

27.6 

Per     Per 
Cent  Cent. 
12.98      218 

Per 

Cent. 
285 

Per 

Cent. 

211 

Per 
Cent. 
40.58 

Per 
Cent. 
68 

Per    Per 

Cent.  Cent. 

75.2    68.0 

16.66 

88.00 

48.66 

22.54 

28.89 

15.66 

210 

148 

184 

48.66 

67.9 

46.3    59.7 

17.82 

86.02 

58.84 

19.0 

27.66 

17.82 

209 

109 

159 

53.84 

67.8 

35.6    52.7 

18.06 

88.26 

56.34 

16.86 

27.81 

18.06 

211 

90 

161 

56.84 

67.5 

27.1    48.4 

20.86 

40.12 

60.98 

18.76 

25.28 

20.86 

197 

65 

120 

60.98 

65.8 

22.4    41.1 

21.41 

42.96 

64.39 

9.90 

25.78 

21.41 

200 

46 

120 

64.89 

66.7 

15.7    39.8 

22.02 

46.66 

68.68 

7.40 

24.92 

22.02 

211 

88 

118 

68.68 

67.9 

10.8    36.4 

24.80 

47.14 

71.94 

4.60 

28.56 

24.80 

190 

18 

95 

71.94 

65.8 

6.24  32.6 

26.26 

46.90 

73.16 

8.15 

28.69 

26.26 

178 

12 

90 

73.16 

64 

4.3    82.4 

(8ee  Fig.  8A.) 

(8ee  Fig.  8B.) 

Table  IX. —  Composition  of  Copper-Nickel  Matte  C.   High  Nickel. 

(Sampled  at  lO-min.  intervaU  daring  the  blow.) 


Compoflition. 

1 

Ratlof. 

Cu. 

NI. 

CuNi. 

Fe. 

8. 

CuNl  - 100. 

Nl.           Fe. 

8. 

Per 

Per 

Per 

Per 

Per 

Per 

Per           Per 

Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent 

Cent 

Cent.        Cent 

Cent. 

ia55 

21.60 

32.15 

37.25 

27.70 

32.15 

67.2        11.58 

86.2 

12.80 

28.50 

41.30 

28.60 

26.25 

41.30 

69           69.2 

63.5 

15.40 

34.00 

49.40 

21.70 

25.95 

49.40 

68.9        43.9 

52.5 

18.10 

89.80 

57.90 

14.95 

25.96 

57.90 

68.3        25.8 

44.5 

19.80 

43.25 

63.05 

.  10.30 

25.10 

63.05 

68.6        16.3 

39.8 

21.60 

46.85 

68.45 

5.57 

25.04 

68.45 

68.4          8.1 

35.1 

25.90 

52.20 

78.10  . 

2.15 

17.70 

78.10 

66.9          2.7 

22.6 

28.10 

53.4 

81.5 

1.07 

16.10 

81.5 

65.5          1.3 

20.0 

(See  Fig.  9. 

) 

Table  X. — Composition  of  Copper-Nickel  Matte  D.    High  Copper. 

(Sampled  at  10-min.  intervals  during  the  blow.) 


Compoaition. 

Ratio*. 

Ratios. 

Cu. 
Per 

a. 

Nl. 

Per 

Ct. 

CuNl. 
Per 
Ct. 

Fe. 
Per 
Ct 

8. 
Per 
Ct. 

Cu. 

-100. 

Per 

Ct. 

Ni. 

Per 

Ct 

Fe. 

Per 

Ct 

8. 
Per 

a. 

CuNi 

-100. 

Per 

Ct 

Nl. 

Per 

Ct. 

Fe. 

Per 

Ct. 

8.    ■ 
Per 
Ct 

Tap.  .20. 15 

15.65 

35.80 

82.20 

26.92 

20.15 

76.0 

175 

184 

85.80 

43.7 

98 

77.7 

Con..89.72 

26.75 

66.47 

8.95 

28.84 

89.72 

66.8 

22 

60 

66.47 

89.6 

18.2 

85.4 

Tap.  .20. 75 

13.70 

34.45 

86.0 

27.10 

20.76 

ei.o 

173 

131 

Con..86.04 

23.00 

59.04 

15.67 

24.71 

86.04 

74.2 

48.6 

68.8 

59.04 

40.7 

26.2 

41.8 

Con..47.96 

29.13 

77.09 

2.45 

20.74 

.47.96 

60.8 

5.0 

48.2 

77.09 

87.8 

8.18 

26.9 

Tap.  .21. 66 

12.40 

84.05 

37.00 

27.08 

21.65 

57.1 

171 

125 

Con..85.8« 

21.15 

56.49 

16.80 

25.16 

85.34 

59.8 

47.2 

70.8 

56.49 

87.7 

29.7 

44.4 

Con..47.26 

28.25 

75.51 

8.22 

21.43 

47.26 

59.9 

6.8 

45.2 

75.51 

37.4 

4.24 

28.8 

Con..51.28 

29.51 

80.74 

0.65 

18.32 

51.23 

67.6 

1.0 

85.6 

80.74 

87.2 

0.68 

22.6 

Con.  .56. 40 

28.49 

84.89 

0.47 

18.31 

56.40 

60.3 

0.88 

24.4 

84.89 

38.5 

0..V> 

16.2 

Con.  .61. 22 

27.77 

88.99 

0.26 

7.60 

61.22 

45.1 

0.40 

12.4 

88.99 

31.1 

0.8 

8.6 

Con..76.84 

21.55 

97.89 

0.15 

1.19 

76.84 

28.1 

0.20 

1.66 

97.89 

22.0 

tr. 

1.2 

(See  Fig.  lOA.) 

(See  Fig.  lOB.) 
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Table  XL — Composition  of  Copper- Nickel  Matte  E.    High 

Copper. 


Composition. 

Ratloi. 

Ratios. 

Cu. 

Per 

Cent. 

Ni. 
Per 

Cent. 

CuNI. 

Per 

Cent. 

Fe. 

Per 

Cent. 

8. 
Per 

Cent. 

Cu= 
100. 
Per 
Cent. 

Ni. 

Per 

Cent. 

Fe. 
Per 

Cent. 

8. 
Per 
Cent. 

CuNl 

-100 
Per 
Ct. 

Nl. 
Per 
Ct. 

Fe. 
Per 
Ct. 

B. 
Per 
Ct. 

Tap..20.60 

11.80 

82.4 

38.35 

27.86 

20.60 

57.25 

186 

138 

82.4 

86.7 

118 

84.6 

Tap..20.30 

10.85 

81.15 

89.5 

27.4 

20.30 

58.R 

194 

135 

31.15 

34.8 

127 

81.8 

Tap..20.80 

12.06 

82.85 

20.80 

57.4 

82.85 

86.8 

Con..36.05 

21.45 

57.50 

15.20 

19.55. 

36.05 

59.5 

42.15 

53.1 

57.60 

87.4 

26.4 

34 

Con..45.28 

26.15 

71.48 

5.50 

21.24 

45.28 

57.7 

12.15 

46.9 

71.48 

36.8 

7.7 

29.8 

Con..70.20 

22.60 

92.80 

0.20 

7.15 

70.20 

32.2 

0.28 

10.17 

92.80 

24.4 

0.22 

7.7 

Con..84.30 

14.85 

98.65 

0.40 

0.64 

84.80 

17.0 

0.47 

0.76 

98.65 

14.5 

0.41 

0.7 

Con..90.90 

8.00 

98.90 

0.10 

1.18 

98.90 

8.1 

tr. 

1.2 

\ 

[See  Fig.  11.' 

) 

Table  XII. —  Composition  of  Copper-Nickel  Matte  F, 

Copper, 

(Sampled  at  10-min.  intervals  during  the  blow.) 


Hi^h 


CompoelUon . 

• 

Ratios. 

Ratios. 

Cu. 

Per 

Cent. 

Ni. 

Per 

Cent. 

CuNl. 

Per 

Cent. 

Fe. 

Per 

Cent. 

8. 

Per 

Cent. 

Cu= 
100. 
Per 

Cent. 

NI, 

Per 

Cent. 

Fe. 
Per 

Cent. 

8. 

Per 

Cent. 

CuNi 
=.100. 

Per 

Ct. 

NI. 
Per 
Ct. 

Fe. 
Per 
Ct. 

8. 

Per 

Ct. 

Tap. 

..26.70 

13.57 

39.27 

32.45 

26.15 

•25.70 

52.7 

126.1 

101.3 

39.27 

34.8 

82.5 

66.5 

Con. 

..47.15 

23.32 

70.47 

5.30 

21.05 

47.15 

50.8 

11.4 

45.4 

70.47 

33.1 

7.5 

28.f> 

Tap. 

..24.80 

13.85 

38.65 

83.0 

26.12 

24.80 

55.7 

132.5 

101.7 

38.65 

36.0 

86.5 

68 

Con. 

..47.35 

28.32 

70.67 

6.0 

20.90 

47.35 

49.2 

12.7 

41.0 

70.67 

83.0 

8.6 

29.8 

Tap...24.10 

12.25 

86.85 

35.20 

26.56 

21.10 

50.9 

146.2 

110.5 

36.35 

88.5 

96.0 

73.0 

Con. ..49. 9 

23.7 

73.6 

4.3 

22.26 

49.9 

47.5 

8.8 

44.5 

73.6 

82.7 

5.9 

31.1 

Con. 

..51  .»5 

25.0 

76.95 

1.97 

19.64 

61.95 

48.0 

8.78 

37.75 

76.95 

82.4 

3.6 

26.4 

Con. 

.  78.32 

18.77 

97.09 

0.65 

2.21 

78.32 

23.9 

0.88 

2.82 

97.09 

19.4 

0.7 

2.2 

Con. 

..88.7 

7.78 

96.48 

0.55 

1.10 

88,7 

8.79 

0.62 

1.13 

96.48 

8.0 

0.6 

1.2 

Con. 

..86.90 

10.33 

97.28 

0.10 

1.04 

97.28 

10.6 

0.1 

1.1 

(See  FIjr.  12.) 

Table  XIII. — Composition  of  Copper-Nickel  Matte  G.     Sigh 

Copper. 

(Sampled  at  10-min.  intervals  during  the  blow.) 


Compoeltion. 

Ratios. 

Ratios. 

Cu. 

Per 

Cent. 

Ni. 

Per 

Cent. 

CuNl. 

Per 

Cent. 

Fe. 

Per 

Cent. 

S. 

Per 

Cent. 

Cu= 
100. 
Per 
Cent. 

NI. 
Per 
Cent. 

Fe. 

Per 

Cent. 

S. 
Per 
Cent. 

CuNl 

^100. 

Per 

Ct. 

Nl. 

Per 

Ct. 

Fe. 
Per 
Ct. 

8. 

Per 

Ct. 

Tap. 

..23.10 

10.13 

33.23 

37.80 

26.74 

23.10 

48.7 

164 

116 

33.23 

30.8 

113 

80.6 

Con. 

..46.60 

23.45 

70.05 

7.26 

22.28 

46.60 

50.3 

15.5 

49.2 

70.05 

38.5 

108 

81.8 

Tap...22.60 

9.26 

31.86 

38.8 

26.6 

22.60 

41.0 

172 

118 

31.86 

29.1 

122 

83.5 

Con.. .39. 20 

17.70 

66.90 

14.95 

24.42 

39.20 

42.6 

38.1 

62.2 

56.90 

31.2 

26.6 

43 

Con. 

..47.80 

24.15 

71.95 

5.20 

22.50 

47.80 

50.8 

10.87 

47.1 

71.96 

83.9 

7.2 

81.6 

Con...53.75 

24.80 

78.55 

0.75 

20.26 

53.75 

46.3 

1.39 

42.0 

78.55 

81.6 

0.9 

26.8 

Con. 

..72.72 

20.95 

93.67 

0.11 

5.65 

72.72 

30.2 

0.15 

7.78 

93.67 

22.4 

0.18 

6.0 

Con. 

..98.80 

0.85 

99.15 

0.12 

0.51 

98.30 

0.86 

0.12 

0.62 

99.15 

1.1 

0.12 

0.8 

(See  Fig.  13. ) 
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Table  XIV. — Composition  of  Copper- Nickel  Matte  H.     High 

'   Copper. 

(Sampled  at  10-miD.  intervals  during  the  blow. ) 


Composition. 

Ratios. 

Ratios. 

Cu. 

Per 

Cent. 

• 

Nl.  CuNI. 
Per     Per 
Cent.  Cent. 

Fe. 

Per 

Cent. 

S. 
Per 
Cent. 

Cu 
=100. 
Per 
Cent. 

Ni. 

Per 

Cent. 

Fe. 
Per 
Cent. 

S. 

Per 

Cent. 

CuNi 

=100. 

Per 

Ct. 

Ni. 

Per 

Ct. 

Fe. 
Per 
Ct. 

8. 
Per 
Ct. 

Tap. 

..25.20 

14.80    40.0 

32.0 

26.0 

26.20 

58.7 

126.9 

108.2 

40.0 

37 

80 

66 

Con. 

..46.95 

24.46    71.41 

4.90 

21.76 

46.95 

52.1 

10.4 

46.8 

71.41 

34.4 

6.8 

90.6 

Tap. 

..25.80 

18.79    89.59 

32.25 

^.10 

25.80 

58.2 

124.6 

100.8 

39.59 

36 

82 

66 

Con. 

..49.95 

24.74    74.69 

4.0 

21.74 

49.95 

49.3 

7.99 

48.87 

74.69 

88.2 

5.3 

29 

Tap...24.80 

12.64    37.44 

84.25 

26.25 

24.80 

50.8 

187.8 

103.6 

37.44 

88 

92 

70 

Con. 

..4«.75 

25.89    74.64 

3.67 

21.16 

48.75 

61.0 

7.3 

48.8 

74.64 

84.8 

4.8 

28.5 

Tap. 

..28.90 

11.87    86.77 

85.70 

26.62 

28.90 

49.6 

148.8 

111.2 

85.77 

88.6 

100 

76 

Con. 

..54.60 

25.12    79.62 

1.10 

20.80 

54.50 

46.10 

2.02 

56.7 

79.62 

82 

1.4 

25.2 

Con. 

..84.90 

11.76    96.65 

0.61 

0.96 

84.90 

18.8 

0.72 

1.12 

96.65 

12.8 

0.7 

1.0 

Con. 

..92.8 

4.65    96.95 

0.26 

0.49 

(See  Fig.  14.] 

U 

Con. ..97. 38 

1.79    99.17 

0.48 

0.88 

97.88 

1.84 

0.49 

0.34 

Table  XV. — Composition  of  Copper-Nickel  Mattes  D,  E^  jP,  G^  Hj 

Combined.     High  Copper. 


Composition. 

Ratios. 

Ratios. 

Cu. 

Per 

Cent. 

Ni. 

Per 

Cent. 

CuNi. 

Per 

Cent. 

Fe. 

Per 

Cent. 

8. 

Per 
Cent. 

Cu 
=-100. 

Per 
Cent. 

NI. 

Per 

Cent. 

Fe. 
Per 
Cent. 

S. 
Per 
Cent. 

CuNi 
=  100. 
Per 
Cent. 

Per 

Cent. 

Fe 

Per 

Cent. 

8. 

Per 
Cent. 

20.60 

11.86 

81.86 

87.91 

25.42 

20.50 

65 

185 

124 

31.86 

84.40 

116 

77 

24.56 

18.80 

37.86 

33.76 

26.34 

24.66 

64 

133 

107 

37.86 

35.20 

91.7 

69.8 

'26.19 

20.82 

57.01 

15.56 

23.46 

26.19 

79 

59 

89 

67.01 

37.2 

27.9 

41.9 

40.72 

26.75 

67.47 

8.95 

28.84 

40.72 

65 

22 

58 

67.47 

89.6 

18.2 

86.4 

47.61 

24.82 

71.96 

6.06 

21.72 

47.64 

61 

10 

46 

71.96 

83.8 

7.02 

80.2 

61.08 

26.46 

77.54 

1.90 

20.34 

61.08 

51 

8 

39 

77.54 

84.1 

2.46 

26.8 

51.23 

29.61 

80.74 

0.55 

18.32 

*  51.23 

57 

1 

85 

80.74 

36.6 

0.68 

22.7 

56.40 

28.49 

84.89 

0.47 

18.81 

56.40 

50 

•  •• 

24 

84.89 

88.6 

0.55 

16.26 

61.22 

27.77 

88.99 

0.25 

7.60 

61.22 

46 

•  •• 

12 

88.99 

81.2 

0.28 

8.52 

71.46 

21.77 

93.23 

0.16 

6.40 

71.46 

38 

■  •• 

9 

93.28 

23.4 

0.17 

6.87 

76.84 

21.65 

97.89 

0.15 

1.19 

76.84 

28 

•  •• 

1.5 

97.89 

21.9 

0.15 

2.12 

84.80 

14.85 

98.65 

0.40 

0.64 

84.80 

17 

•  •  • 

98.65 

14.5 

0.41 

0.65 

91.10 

7.65 

98.75 

0.10 

1.37 

91.10 

8 

>•• 

98.76 

7.72 

0.10 

1.38 

78.22 

18.77 

97.99 

0.65 

2.21 

78.22 

24 

•  •• 

97.99 

19.07 

0.67 

2.26 

88.70 

7.78 

96.48 

0.66 

1.00 

t8.70 

8 

•  •• 

96.48 

8.06 

0.56 

1.02 

88.29 

8.72 

97.01 

0.71 

1.17 

88.29 

9 

•  •• 

97.01 

9.0 

0.78 

1.21 

84.90 

11.75 

96.66 

0.61 

0.95 

84.90 

18 

•  •  ■ 

96.65 

12.5 

0.63 

0.98 

98.30 

0.85 

99.15 

0.12 

0.51 

98.30 

0.9 

•  •■ 

99.15 

0.86 

0.12 

0.52 

97.38 

1.79 

99.17 

0.48 

0.33 

97.38 

1.8 

•  •• 

99.17 

1.79 

0.48 

0.38 

(See  Fig.  16A.) 

(See  Fig.  15B.) 
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The  Fushun  Colliery,  South  Manchuria. 

BY  WARDEN  A.   HOLLER,  TIENTSIN,  CHINA. 
(Pittsburg  Meeting.  March,  1910.) 

The  Fushun  coal-field,  now  being  opened  up  by  the  South 
Manchurian  Railway  Co.,  is  connected  with  the  main  line  by  a 
branch,  30  miles  long,  from  Sui  Chia  Tun,  10  miles  south  of 
Mukden,  the  capital  of  Manchuria. 

The  coal-field,  which  lies  on  the  southern  bank  of  the  Huu 
river,  25  miles  east  of  Mukden,  consists  of  a  long  narrow 
valley,  running  east  and  west  between  hills  composed  of  gran- 
itic and  volcanic  rocks.  At  the  foot  of  the  northern  hills,  the 
Hun  river  flows  westward  towards  the  Liao  river,  which  drains 
the  greater  part  of  South  Manchuria.  At  the  foot  of  the 
southern  hills,  resting  immediately  upon  volcanic  rocks,  and 
overlain  by  20  ft.  of  alluvial,  is  a  thick  layer  of  Tertiary  shales, 
carrying  near  the  base  two  coal-seams.  In  many  places  the 
lower  of  these  two  seams  is  in  immediate  contact  with  volcanic 
lavas  and  basalts,  the  flows  of  which  were  evidently  both  prior 
and  subsequent  to  the  formation  of  the  coal-seams.  This  con- 
tact has  practically  destroyed  the  lower  seam  for  commercial 
purposes.  The  value  of  the  field  lies  in  the  upper  seam,  which, 
for  a  length  of  nearly  8  miles,  varies  from  100  to  180  ft  thick. 
Of  this  seam,  85  per  cent,  is  good  coal. 

The  seam  dips  to  the  north  conformably  with  the  shales,  at 
angles  of  from  25°  to  30°,  and  appears  to  have  an  uninterrupted 
dip  for  about  1.5  miles  before  being  possibly  cut  off  by  the 
northern  hills. 

The  coal-bearing  shales  extend  east  and  west  for  a  length  of 
about  20  miles,  but  towards  the  east  the  continuity  of  the  seams 
is  broken  by  intrusive  rocks. 

The  coal  is  of  the  sub-bituminous  variety,  low  in  ash,  bright 
in  appearance,  and  breaks  with  a  conchoidal  fracture.  It  has 
the  usual  qualities  of  Tertiary  coal — quick  steam-raising  and 
poor  stacking-qualities.     Pieces  of  resin,  varying  in  size  from 
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a  pinhead  to  a  pea,  are  frequently  found  imbedded  in  the 
coal. 

The  following  analyses  have  been  made  from  samples  of  the 
thick  seam : 


Fixed 
Carbon. 

VolaUle 
Hydro- 
carbons. 

Moisture. 

Per  Cent. 
44.7 
51.0 
67.7 

Per  Cent. 
42.6 
41.1 
33.7 

Per  Cent. 
6.7 
4.4 
6.2 

Ash. 

PerCentT 
5.6 
2.9 
2.0 


Sulphur. 

Per^Ceut. 
0.4 
0.6 
0.4 


In  practice,  the  quantity  of  ash  and  unburnt  coal  varies  from 
7  to  10  per  cent. ;  the  moisture-content  of  the  freshly-mined 
coal  is  somewhat  larger  than  that  given  above,  owing  to  the 
delay  between  the  picking  of  the  sample  and  its  analysis. 
Before  the  Russo-Japanese  war,  the  field  had  been  worked 
in  only  a  desultory  manner,  due  chiefly  to  official  interference 
on  account  of  the  proximity  to  the  Imperial  Manchurian  tombs. 
For  many  years  both  Coreans  and  Chinese  have  at  different 
times  unofficially  mined  coal  for  local  consumption.  The  prin- 
cipal use  of  coal  in  Manchuria  was  for  blacksmith's  work, 
which  required  a  higher  class  of  fuel.  Moreover,  the  Fushun 
coal  could  not  compete  with  the  semi-bituminous  and  coking- 
coals  of  the  Yentai  and  Pen  Hsi  Hu  fields. 

At  present  the  Fushun  field  has  been  proved  to  contain  an 
enormous  tonnage  per  acre  comparatively  near  the  surface,  so 
that  coal  can  be  mined  and  sold  at  such  a  low  price  as  to  coun- 
teract the  somewhat  low  economy  of  the  fuel  itself,  especially 
since  its  low  ash  makes  it  a  fair  fuel  for  long  locomotive-runs. 

The  present  production,  about  1,600  tons  per  day,  is  raised 
from  a  series  of  shallow  pits,  sunk  during  and  subsequent  to 
the  Russo-Japanese  war.  The  management,  in  order  to  in- 
crease the  tonnage  to  5,000  tons  per  day,  is  now  sinking  two 
pairs  of  shafts,  of  18  and  20  ft.  diameter  respectively,  a  mile 
apart,  and  laying  out  surface-works  and  town-site  on  a  corre- 
sponding scale. 

The  pair  of  shafts  most  advanced,  named  the  O'Yama,  have 
up  to  date  presented  no  difficulties;  at  present  they  are  370  ft. 
deep,  and  are  entirely  in  green  and  gray  shales,  which  have 
been  proved  by  bore-holes  to  continue  the  entire  depth.  So  far 
the  shafts  are  practically  dry,  and  coal  is  expected  to  be  reached 
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at  a  depth  of  1,200  ft.  The  shafts,  lined  with  hrick  laid  in 
cement,  will  prohahly  he  completed  ahout  the  end  of  the  year 
1909. 

The  Toge  shafts,  1  mile  to  the  east,  have  just  been  com- 
menced. The  intention  of  the  management  is  to  provide  all 
power,  except  for  winding  and  ventilation,  from  a  central 
electric  power-plant;  already  there  have  been  installed  in  a 
capacious  brick  and  steel  power-house  two  500-kw.  Parsons 
turbine-driven  dynamos,  which  supply  three-phase  current  at 
2,000  volts.  Preparations  are  being  made  to  erect  two  similar 
1,000-kw.  machines. 

Steam  is  supplied  to  the  engines  around  the  O'Yama  shafts 
by  a  battery  of  Babcock  &  Wilcox  boilers,  provided  with  a 
chain  stoker  and  an  automatic  ash-remover ;  steam-pressure  at 
160  lb.  per  sq.  in.  is  superheated  100°  C,  and  feed-water  for 
the  boilers  is  passed  through  a  set  of  Green's  economizers. 

The  water  for  the  town-site,  boiler-consumption,  and  con- 
densers is  supplied  from  the  river  by  an  electric-driven  turbine- 
pump,  capable  of  raising  600  gal.  per  min.  against  a  head  of 
150  feet. 

The  machine-,  blacksmith-,  and  carpenter-shops,  and  air- 
compressor  plant,  are  supplied  with  power  from  standard  25- 
kw.  motors,  which  obviates  the  storage  of  a  multitude  of 
spare  parts. 

The  town-site  is  being  laid  out  on  a  liberal  scale,  and  50 
or  more  two-story  brick  houses  have  already  been  erected  for 
the  higher  class  Japanese  employees,  including  large  offices,  a 
school,  a  club,  a  company  store,  and  free  baths.  The  build- 
ing of  a  hotel  and  a  theater  is  in  contemplation.  The  houses 
are  heated  by  a  central  steam-plant,  and  are  equipped  with 
electric  light,  telephones,  and  hot  and  cold  water. 

The  laboring  class,  which  will  probably  amount  in  number 
to  3,000  Japanese  and  10,000  Chinese,  are  housed  in  rows 
of  houses  suitable  to  each  nationality. 

The  doubling  of  the  present  single-track  main  line  between 
Sui  Chia  Tun  and  Tairen  will  be  completed  by  the  end  of 
1909.  The  ports  for  export  will  be  Newchuang  and  Tairen, 
situated  respectively  130  and  270  miles  south  of  the  coal-field. 
Tairen  is  about  15  miles  northeast  of  Port  Arthur. 
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Proceedings  of  the  Ninety-Eighth  Meeting,  Pittsburg,  Pa., 

March,  1910. 

COMMITTEES. 

Local  Committee. — R.  C.  Crawford,  Chairman;  Harrison  W.  Craver,  Secretary; 
Julian  Kennedy,  Taylor  Allderdice,  £.  W.  Pargny,  Charles  L.  Miller,  W.  H. 
Rea,  S.  A.  Taylor,  M.  E.  Wadsworth,  W.  M.  Henderson,  A.  C.  Dinkey,  W.  L. 
Jones,  E.  L.  Messier,  George  Mesta,  J.  H.  Jones,  O.  H.  Riley,  S.  L.  Goodale, 
D.  W.  McNaugher. 

Ladies'  Committee.— Mrs.  Taylor  Allderdice,  Chairman;  Mrs.  Julian  Ken- 
nedy, Mrs.  K  C.  Crawford,  Mrs.  £.  M.  Herr,  Mrs.  J.  W.  Marsh,  Mrs.  T.  A. 
Mellon,  Mrs.  G.  P.  Bassett,  Jr.,  Mrs.  D.  M.  Clemeon,  Mrs.  Charles  L.  Miller, 
Mrs.  V.  L.  P.  Shriver,  Mrs.  W.  A.  Boetwick,  Mrs.  A.  C.  Dinkey,  Mrs.  A.  P. 
Childs,  Jr.,  Mrs.  F.  R.  Dravo,  Mrs.  Hermon  Griffin,  Mrs.  W.  H.  Nimmick,  Mrs. 
F.  H.  Lloyd,  Mis.  &  G.  Cooper,  Mrs.  S.  H.  Church,  Mrs.  E.  N.  Ohl. 

The  Institute  Headquarters  was  established  at  the  Hotel 
Schenley,  where  a  bureau  of  information  was  maintained  for 
the  benefit  of  the  visiting  members  and  guests  of  the  party  dur- 
ing the  time  of  the  meeting. 

Tbghnical  Sessions. 

The  first  session,  held  Tuesday  evening,  Mar.  1, 1910,  in  the 
large  lecture  hall  of  the  Carnegie  Institute,  was  called  to  order 
by  Harrison  W.  Craver,  Secretary  of  the  Local  Committee. 
Mr.  Craver  introduced  Dr.  John  A.  Brashear,  who  extended  to 
the  members  and  guests  a  hearty  welcome  to  the  city  of  Pitts- 
burg, to  which  David  W.  Brunton,  President  of  the  Institute, 
responded. 

The  following  papers  were  presented  in  oral  abstract  by  the 
authors : 

Biographical  Notice  of  Dr.  Charles  B.  Dudley,  by  Dr.  R.  W. 
Raymond,  New  York,  N.  Y. 

Biographical  Notice  of  William  Metcalf,  by  Col.  H.  P.  Bope, 
Pittsburg,  Pa. 

Development  of  Hindered  Settling  Apparatus,  by  Robert  H. 
Richards,  Boston,  Mass.     (Illustrated  by  lantern-slides.) 

A  Few  Mining  Districts  in  the  Argentine  Republic,  South 
America,  by  Z.  S.  Beyl.     (Illustrated  by  lantern- slides.) 
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The  second  session  of  the  Institute,  held  at  the  same  place, 
Wednesday  morning,  March  2,  was  called  to  order  by  President 
Brunton. 

The  following  papers  were  presented  in  oral  abstract  by  the 
authors : 

Systematic  Exploitation  in  the  Pittsburg  Coal-Seam,  by  F. 
Z.  Schellenberg  and  Edward  McGrew,  Pittsburg,  Pa.  Dis- 
cussed by  Frank  W.  De  Wolf,  Urbana,  111. 

*  A  Commercial  Fuel-Briquette  Plant,  by  William  H.  Blauvelt, 
Syracuse,  N.  Y.  Discussed  by  C.  T.  Malcolmson,  Chicago,  111.; 
E.  W.  Parker,  Washington,  D.  C. ;  and  John  Birkinbine,  of 
Philadelphia,  Pa. 

*Dust-Explosions  in  Coal-Mines,  by  George  Samuel  Rice, 
Pittsburg,  Pa. 

The  Gaseous  Decomposition-Products  of  Black  Powder,  by 

C.  M.  Young,  Lawrence,  Kan. 

Work  of  the  Technologic  Branch  of  the  U.  S.  Geological 
Survey  at  Pittsburg,  Pa.,  by  Joseph  A.  Holmes,  Washington, 

D.  C. 

The  third  session  of  the  Institute,  held  at  the  same  place, 
Wednesday  evening,  March  2,  was  called  to  order  by  President 
Brunton. 

The  following  papers  were  presented  in  oral  abstract  by  the 
authors : 

The  Conditions  of  Accumulation  of  Petroleum  in  the  Earth, 
by  David  T.  Day,  Washington,  D.  C. 

The  School  of  Mines  at  the  Pittsburg  University,  by  M.  E. 
Wads  worth,  Pittsburg,  Pa. 

The  Technical  Schools  of  the  Carnegie  Institution,  by  Fred 
Crabtree,  Pittsburg,  Pa. 

A  New  Method  of  Cyaniding  Gold-  and  Silver-Ores,  by  E, 
Gybbon  Spilsbury,  New  York,  N.  Y. 

The  Dwight  and  Lloyd  Sintering-Process,  by  Arthur  S. 
Dwight,  New  York,  N.  Y.     (Illustrated  by  lantern-slides.) 

The  fourth  and  concluding  session,  held  at  the  same  place, 
Friday  morning,  March  4,  was  called  to  order  by  President 
Brunton. 


*  Distributed  in  printed  form. 
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The  following  papers  were  presented  in  oral  abstract  by  the 
authors : 

The  Huronian  as  a  Gold-bearing  Terrane,  by  Robert  Bell, 
Ottawa,  Can. 

The  Action  of  Explosives  in  Rocks  of  Different  Degrees  of 
Hardness,  by  W.  O.  Snelling,  Pittsburg,  Pa. 

Introduction  of  the  Basic-Steel  Process  in  the  United  States, 
by  George  W.  Maynard,  New  York,  N.  Y. 

Electric  Mine-Hoists,  by  David  B.  Rushmore  and  Karl  A. 
Pauly,  Schenectady,  N.  Y.     (Illustrated  by  lantern-slides.) 

Field-Investigations  of  Structural  Materials,  by  E.  F.  Bur- 
chard,  Washington,  D.  C. 

Coal-  and  Iron-Ore  in  Western  Oaxaca,  Mexico,  by  J.  L.  W. 
Birkinbine,  Mexico  City,  Mexico. 

The  Chemical  Control  of  Slimes,  by  Harrison  E.  Ashley, 
Pittsburg,  Pa. 

In  addition  to  the  papers  already  noted,  the  following  were 
read  by  title  for  future  publication : 

Combustion  in  Cement-Burning,  by  Byron  E.  Eldred,  New 
York,  N.  Y. 

*A  Method  of  Calculating  Sinking-Punds,  and  a  Table  ot 
Values  for  Ordinary  Periods  and  Rates  of  Interest,  by  John  B. 
Dilworth,  Philadelphia,  Pa. 

♦Cyanide  Plant  and  Practice  at  the  Minas  del  Tajo,  Rosario, 
Sinaloa,  Mexico,  by  George  A.  Tweedy  and  Roger  L.  Beals, 
Rosario,  Sinaloa,  Mexico. 

The  Copper-Provinces  of  the  United  States,  by  William  H. 
Emmons,  Chicago,  111. 

*The  Behavior  of  Copper-Slags  in  the  Electric  Furnace,  by 
Lewis  T.  Wright,  San  Francisco,  Cal. 

Chemical  Laboratories  in  Iron-  and  Steel- Works,  by  George 
W.  Maynard,  New  York,  N.  Y. 

Notes  on  Field  Methods  of  Assaying,  i.  e.,  an  Assay-Shop  in 
an  Ordinary  Valise,  by  S.  K.  Bradford,  National,  Nev. 

*The  Girod  Electric  Furnace,  and  the  French  Works  Using 
the  Paul  Girod  Steel-Process,  by  Wilhelm  Borchers,  Aachen, 
Germany. 

Electricity  in  Mines,  by  William  Kelly,  Vulcan,  Mich. 


*  Distributed  in  printed  form. 
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*A  New  Separator  for  the  Removal  of  Slate  from  Coal,  by 
W.  S.  Ayres,  Hazleton,  Pa. 

Improvements  in  Blast-Roasting,  by  Herbert  Haas,  San  Fran- 
cisco, Cal. 

Ultimate  Source  of  Ores,  by  Charles  R.  Keyes,  Des  Moines, 
Iowa. 

*The  Genesis  of  the  Leadville  Ore-Deposits,  by  Max  Boeh- 
mer,  Denver,  Colo. 

Heats  of  Formation  of  Some  Ferro-Calcic  Singulo-Silicates, 
by  H.  O.  Hofman  and  C.  Y.  Wen,  Boston,  Mass. 

♦Professional  Ethics,  by  R.  W.  Raymond,  New  York,  N.  Y. 

♦Application  of  Descriptive  Geometry  to  Mining-Problems, 
by  Joseph  W.  Roe,  New  Haven,  Conn. 

*The  Behavior  of  Copper-Mattes  and  Copper-Nickel  Mattes 
in  the  Bessemer  Converter,  by  D,  H.  Browne,  Copper  Cliff, 
Ontario,  Canada. 

♦Mining-Conditions  in  the  Belgian  Congo,  by  Sydney  H, 
Ball,  New  York,  N.  Y.,  and  Millard  K.  Shaler,  Lawrence,  Kan, 

♦Sampling  Anode-Copper,  with  Special  Reference  to  Silver- 
Content,  by  William  Wraith,  Anaconda,  Mont. 

The  Giroux  Shaft,  by  C.  Everard  Arnold,  Kimberly,  Nev. 

Deacidifying  Furnace-Gases,  by  F.  T.  Havard,  Madison,  Wis. 

♦The  Combustion-Temperature  of  Carbon  and  Its  Relation  to 
Blast-Furnace  Operation,  by  Clarence  P.  Linville,  State  Col- 
lege, Pa. 

♦The  Fushun  Colliery,  South  Manchuria,  by  Warden  A. 
Moller,  Tientsin,  China. 

Federal  Coal-Mines  in  the  Philippines,  by  Oscar  H.  Rein- 
holt,  Pasadena,  Cal. 

♦Professional  Ethics,  by  Victor  G.  Hills,  Denver,  Colo. 

Discussion  of  the  paper  of  Audley  H.  Stow,  Pressure-Fans 
vs.  Exhaust  Fans,  by  R.  V.  Norris,  Wilkes-Barre,  Pa. 

♦Discussion  of  the  paper  of  Lewis  T.  Wright,  Metal-Losses 
i  n  Copper-Slags,  by  J.  Parke  Channing,  New  York,  N.  Y. 

♦Discussion  of  the  paper  of  Charles  R.  Keyes,  Borax-Deposits 
of  the  United  States,  by  A.  M.  Strong,  Bishop,  Cal. 

♦Discussion  of  the  paper  of  E.  W.  Parker,  The  Conservation 
of  Coal  in  the  United  States,  by  W.  L.  Saunders,  New  York, 
N.  Y. 


*  Distributed  in  printed  form. 
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DiscusBion  of  the  paper  of  Charles  R.  Keyes,  Ozark  Lead- 
and  Zinc-Deposits.     Mr.  Keyes's  reply  to  Mr.  Buckley. 

Discussion  of  the  paper  of  Charles  R.  Keyes,  Genesis  of  the 
Lake  Valley,  New  Mexico,  Silver-Deposits.  Mr.  Keyes's  reply 
to  Messrs.  Courtis  and  Macdonald. 

Discussion  of  the  paper  of  James  Douglas,  Conservation  of 
Natural  Resources,  by  James  Douglas,  New  York,  N.  Y. 

Discussion  of  the  paper  of  Albert  F.  J.  Bordeaux,  The 
Cyaniding  of  Silver-Ores  in  Mexico,  by  Herbert  A.  Megraw, 
San  Luis  de  la  Paz,  Guanajuato,  Mexico. 

Discussion  of  the  paper  of  H.  O.  Hofman  and  C.  R.  Hay- 
ward,  Pan- Amalgamation :  an  Instructive  Laboratory-Experi- 
ment, by  George  W.  Riter,  Salt  Lake  City,  Utah. 

During  the  sessions  there  was  exhibited  in  the  lecture-hall  for 
the  first  time  an  exceedingly  good  portrait  in  oil  by  Farley,  a 
Philadelphia  artist,  of  the  late  Thomas  M.  Drown,  for  many 
years  Secretary,  and  in  1897  President  of  the  Institute.  This 
portrait  was  presented  to  the  Institute  by  James  Gayley,  Dr. 
James  Douglas,  and  Dr.  R.  W.  Raymond. 

Excursions  and  Entbrtainments. 

By  Josefh  Struthbbs. 

On  Wednesday  afternoon,  March  2,  through  the  courtesy  of 
the  oflicials  of  the  TJ.  S.  Geological  Survey,  a  party  of  Institute 
members  and  guests,  numbering  about  100,  visited  the  Testing 
Station  of  the  Technologic  Branch  of  the  Survey  at  Arsenal 
Park.  Under  the  supervision  of  Dr.  Joseph  A.  Holmes,  Chief 
of  the  Division,  the  party  was  divided  into  sections,  and,  with 
special  guides,  witnessed  many  interesting  and  instructive 
tests.  Descriptive  pamphlets  were  distributed  so  as  to  furnish 
every  one  with  the  principal  details  of  each  test. 

The  Gas-  and  Dust- Gallery. 

The  first  test  made  was  to  determine  the  effect  of  a  charge 
of  "  permissible  "  explosive  fired  into  an  atmosphere  contain- 
ing a  given  amount  of  bituminous  coal-dust.  The  gas-  and 
dust-gallery  for  the  explosive  tests  consists  of  a  horizontal 
sheet-iron  cylinder,  100  ft.  long  and  6  ft.  4  in.  in  diameter,  with 
a  number  of  weighted  cast-iron  doors  along  the  top  and  glass 
windows  along  one  side  for  observing  the  progress  of  the  flame. 
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Eight  narrow  sheet-iron  shelves,  four  on  each  side,  extend  the 
entire  length  of  the  gallery  for  holding  the  coal-dust.  A  sup- 
plementary horse,  20  ft.  long  and  12  in.  wide,  placed  in  the 
section  of  the  gallery  near  the  cannon,  is  also  used  for  this  pur- 
pose. One  end  of  the  cylinder  is  completely  closed  by  a  mas- 
sive concrete  wall,  in  which  is  imbedded  the  heavy  steel  cannon 
containing  the  charge  of  explosive;  the  bore-hole  of  this  cannon 
is  2.25  in.  in  diameter  and  21.5  in.  in  length,  and  its  axial  line 
is  coincident  with  the  axis  of  the  gallery ;  the  other  end  of  the 
cylinder  is  open  to  the  air. 

All  permissible  explosives  are  required  to  pass  three  series 
of  tests.  In  one,  a  mixture  of  gas  and  air  containing  8  per 
cent,  of  methane  and  ethane  is  used ;  in  another,  a  mixture  of 
gas,  air,  and  dust,  containing  4  per  cent,  of  methane  and  ethane, 
is  used;  and  in  another,  dust  and  air  without  gas  are  used. 

Two  demonstrations  were  made,  both  in  an  atmosphere  of 
dust  and  air,  to  illustrate  the  difference  between  a  permissible 
explosive  and  a  non-permissible  explosive. 

In  the  first  test,  a  charge  of  permissible  explosive  was  tamped 
with  1  lb.  of  dry  fire-clay,  equivalent  in  disruptive  force  to  0.5 
lb.  of  40-per  cent  nitro-glycerine  dynamite.  This  was  tired 
from  the  cannon  into  the  gallery,  which  contained  120  lb.  of 
bituminous  coal-dust  from  the  Pittsburg  seam,  100-mesh  fine, 
100  lb.  on  the  side-shelves,  and  20  lb.  on  small  horses  in  the 
sections  near  the  cannon.  In  firing  this  charge  there  was  a 
loud  report,  and  some  of  the  dust  was  expelled  with  the  gases 
from  the  open  end  of  the  gallery.  There  was  no  ignition  or 
charred  dust,  and  no  flame  was  visible  through  the  windows. 

A  second  test  was  made  later  in  the  day,  using  the  same 
coal-dust,  but  replacing  the  permissible  explosive  by  a  charge  of 
3  F  black  blasting-powder  tamped  with  2  lb.  of  fire-clay,  equiv- 
alent in  disruptive  force  to  the  first  test.  This  powder  is  not 
on  the  permissible  list,  and  its  use  in  the  coal-mines  of  Penn- 
sylvania is  prohibited.  On  firing  the  charge  into  the  gallery 
having  the  same  quantity  of  coal-dust  distributed  along  the 
shelves  and  on  the  horse,  ignition  took  place  and  a  heavy  report 
followed;  through  the  side  windows  the  flame  was  seen  to 
traverse  the  entire  length  of  the  gallery  and  rush  out  of  the  open 
end  to  a  distance  of  40  ft.  or  more,  accompanied  by  a  dense 
cloud  of  smoke,  which  continued  to  pour  out  for  several  min- 
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utes.  The  weighted  doors  were  blowQ  upward  for  an  instant, 
and  volumes  of  dense  black  smoke  shot  up  into  the  air.  J.  R. 
Cavanaugh,  an  assistant  at  the  Testing  Station,  donned  one  of 
the  safety-helmets,  entered  the  gallery,  which  was  filled  with 
dense  and  hot  smoke,  and  traversed  the  entire  length  and  back, 
thus  demonstrating  the  great  aid  of  the  helmet  in  rescuing 
entombed  miners. 

These  two  tests  are  of  especial  educational  value  in  that  any 
mine-operator  or  miner  can  have  a  test  made  with  coal-dust 
from  hie  own  mine  with  powder  taken  from  his  own  magazine. 

The  Ballistic  Pendulum. 

Another  demonstration  made  in  connection  with  explosives 
attracted  a  great  deal  of  interest.  A  test  was  made  with  the 
ballistic  pendulum  to  determine  the  unit  disruptive-charge  of 
a  given  powder.  The  apparatus  comprises  a  31,600-lb.  steel 
mortar,  suspended  by  a  heavy  frame-work,  the  cross-bar  of 
which  rests  on  steel  knife-edges  placed  at  the  top  of  heavy  con- 
crete columns,  thus  forming  a  pendulum;  the  radius  of  swing 
is  89.75  in.  A  charge  of  the  powder  to  be  tested — in  this  case 
8  F  black  blasting-powder — was  placed  in  a  heavy  nickel-steel 
cannon  resting  on  a  carriage,  and  tamped  with  2  lb.  of  dry  fire- 
clay. The  carriage  was  then  moved  forward  until  the  mouth 
of  the  cannon  was  directly  against  the  mouth  of  the  suspended 
mortar  and  the  charge  tired.  The  force  of  the  explosion, 
being  expended  into  the  mortar,  caused  it  to  swing  backward, 
and  by  a  simple  mechanical  attachment  placed  beneath  it  at 
the  back,  the  extent  of  the  swing  was  recorded,  8.16  in.,  thus 
giving  an  empyrical  measurement  of  the  amount  of  force  ex- 
erted. By  knowing  the  extent  of  the  swing  caused  by  the 
explosion  of  a  given  powder  selected  as  a  standard,  a  compari- 
son of  the  strength  of  any  other  powder  is  thus  easily  obtained. 

The  unit  disruptive-charge  of  an  explosive  is  such  a  weight 
that  will  cause  the  mortar  to  swing  the  same  distance  as  0.5  lb. 
of  the  Pittsburg  Testing  Station  standard  40-per  cent,  nitro- 
glycerine dynamite. 

The  explosion-tests  were  in  general  charge  of  Clarence  Hall, 
explosives  engineer,  and  were  demonstrated  by  his  assistants, 
Spencer  P.  Howell  and  A.  J.  Hazlewood. 
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The  Lamp-Gallery, 

The  lamp-gallery  was  visited  and  demonstrations  were  made, 
under  the  supervision  of  J.  W.  Paul,  to  illustrate  the  degree  of 
safety  of  miners'  lamps  when  placed  in  a  moving  current  of  an 
explosive  mixture  of  air  and  gas. 

The  chamber  in  which  the  lamps  are  tested  consists  of  a 
steel  gallery,  6  by  12  in.  in  cross-section  by  20  ft.  long.  At  one 
end  the  air  and  gas  are  admitted,  and  caused  to  move  at  desired 
velocity  through  the  gallery  by  means  of  a  Koerting  steam- 
exhauster  placed  at  the  opposite  end. 

The  gallery  is  designed  so  as  to  admit  of  the  current  of  air 
and  gas  impinging  against  the  lamp,  horizontally,  vertically  up 
or  down,  and  diagonally  up  or  down  at  45°.  At  each  obser- 
vation-point is  a  double-plate  glass  door.  Six  explosion-relief 
doors  are  fitted  to  the  gallery. 

The  first  test  showed  the  effect  of  an  explosive  mixture  of 
air  and  gas,  containing  8  per  cent,  of  methane  and  ethane, 
upon  a  single-gauze  unbonneted  safety-lamp,  lighted,  at  a  velo- 
city of  current  of  600  ft.  per  min.  An  explosion  occurred  in 
11  seconds. 

The  lamp  used  in  this  test  was  a  type  of  the  original  Davy^ 
which  is  condemned  for  use  in  the  coal-mines  of  several  coun- 
tries, although  used  largely  in  some  of  the  mines  in  the  United 
States  by  fire-bosses. 

The  second  test  was  with  the  same  explosive  mixture,  but  at 
a  velocity  of  2,500  ft.  per  min. ;  a  lighted  double-gauze  bon- 
neted safety-lamp  was  used.  There  was  no  explosion,  although 
the  test  lasted  for  1.5  min.  The  wick  relighted  on  removal 
from  the  gallery. 

This  lamp  is  of  a  type  largely  used  in  Germany  and  Belgium, 
and  of  late  years  has  been  introduced  into  the  mines  of  the 
United  States.  It  is  considered  to  be  one  of  the  most  approved 
types. 

The  demonstration-room  devoted  to  mine-rescue  apparatus 
came  in  for  a  full  share  of  praise,  but  before  viewing  the  ap- 
paratus a  lecture  was  given  by  J.  W.  Paul,  explaining  the 
various  appliances  exhibited  at  the  station.  At  one  side  of  the 
training-room  is  a  collection  of  many  kinds  of  helmets  and 
other  devices  to  permit  the  wearers  to  work  in  an  atmosphere 
of  irrespirable  gases.     At  the  other  side  is  an  air-tight  glass 
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partition  closing  off  a  wide  space,  which  is  fitted  up  with 
tracks,  trucks,  heaps  of  rock  and  coal,  timbers,  small  passage- 
ways, etc.,  all  arranged  to  reproduce  the  physical  conditions 
which  may  be  encountered  in  an  ordinary  mine.  This  special 
compartment  is  devoted  to  the  instruction  of  assistants  in  the 
use  of  rescue-apparatus  while  enveloped  in  choking  and  poi- 
sonous gases. 

The  CombusHon^Furnace. 

The  chemists  and  metallurgists  of  the  party  were  particu- 
larly interested  in  the  long  combustion-chamber  furnace,  in- 
stalled in  a  separate  building,  and  used  to  determine  the  com- 
bustion-qualities of  a  given  fuel.  The  fire-place  at  one  end  is 
operated  in  the  ordinary  manner,  control  being  had  of  the 
amount  of  air  supplied  to  the  fuel  burning  in  the  grate.  The 
gases  of  combustion  pass  through  the  long  chamber  to  the 
chimney  at  the  other  end  of  the  furnace.  Special  water-cooled 
attachments  permit  the  simultaneous  taking  of  nine  samples, 
one  from  any  part  of  each  square  foot  of  the  cross-section  of 
the  chamber.  At  the  same  time,  thermo-electric  pyrometers 
give  the  temperature  of  each  sample  as  it  is  taken  from  the 
furnace.  In  the  wall  at  the  end  of  the  furnace,  below  the 
chimney,  but  above  the  level  of  the  hearth,  is  a  small  blue- 
glass  peep-hole,  which  gives  a  full  view  of  the  interior  of  the 
combustion-chamber  and  permits  continuous  observation  of  the 
swirling  currents  of  burning  gases  as  they  pass  through  the 
furnace. 

A  complete  account  of  this  apparatus,  and  of  the  purpose  of 
the  experiments  in  progress  with  it,  will  be  published  as  a 
separate  paper  in  a  later  number  of  the  Bulletin, 

The  Electrical  Laboratory, 

The  party,  divided  in  small  sections,  witnessed  a  number  of 
interesting  tests  in  the  electrical  laboratory,  to  show  the  effect 
of  electric  sparks  of  various  strengths  on  an  explosive  mixture 
of  natural  gas  and  air,  similar  to  the  mixture  used  in  the  tests 
with  the  safety-lamps.  These  tests  were  made  by  H.  H.  Clark 
and  his  assistant,  William  Buhl,  Jr. 

The  spark-tests  were  made  in  a  sheet-iron  box,  provided  with 
a  door  in  which  a  paper  diaphragm  can  be  inserted  to  relieve 
the  force  of  the  explosion.     The  box  is  provided  with  inlets 
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for  Pittsburg  natural  gas  and  compressed  air,  and  also  has  con- 
nected to  it  the  intake  and  discharge  of  a  small,  motor-driven 
circulating-fan  to  insure  a  thorough  mixture.  The  gas  is  ad- 
mitted through  a  gasometer  in  pre-determined  quantities  and 
then  mixed  for  a  definite  time  by  the  circulating-fan.  By  pre- 
vious calibration  any  percentage  of  natural  gas  and  air  can  be 
accurately  obtained  in  this  manner.  After  an  explosion  has 
taken  place  in  the  box,  the  products  of  combustion  are  removed 
by  blowing  compressed  air  through  the  box  before  the  gas  is 
again  admitted. 

The  first  test  was  the  opening,  in  a  gaseous  atmosphere,  of  a 
500-volt  direct-current  circuit  containing  a  small  amount  of 
inductance.  The  mixture  of  gas  and  air  was  combined  in  the 
most  explosive  proportions.  The  circuit  was  opened  at  various 
current-values,  increasing  the  current  until  the  explosion  oc- 
curred. The  average  current  at  which  an  explosion  occurred 
was  0.18  ampere.  These  results  show  that  at  500  volts  an 
explosive  spark  is  produced  by  a  very  small  amount  of  current 
(a  strength  of  0.18  ampere  is  about  one-third  of  the  current 
taken  by  an  ordinary  110-volt,  16  c-p,,  carbon-filament  incan- 
descent lamp). 

The  next  experiment  was  opening  a  26-volt,  direct-current, 
non-inductive  circuit  in  a  mixture  of  gas  and  air,  combined  in 
the  most  explosive  proportions.  The  circuit  was  opened  at 
various  currents,  beginning  at  low  values  and  increasing  the 
strength  of  the  current  until  an  explosion  occurred.  The  aver- 
age value  of  the  current  which  gave  an  explosion  was  3.5  am- 
peres. This  test  shows  that  it  is  possible  to  break  a  very  con- 
siderable amount  of  current  at  25  volts  without  obtaining  an 
explosive  spark,  provided  that  the  circuit  is  non-inductive ;  25 
volts  is  about  the  potential  which  would  be  obtained  by  con- 
necting  16  dry  batteries  or  12  storage-batteries  in  series,  and 
is  therefore  much  greater  than  the  voltage  of  most,  if  not  all, 
portable  electric  lamps.  On  the  other  hand,  25  volts  would  be 
a  reasonable  potential  for  signal-systems  operated  by  batteries. 

The  next  experiment  was  the  breaking  of  a  25-volt,  direct- 
current,  inductive  circuit  in  a  mixture  of  gas  and  air  combined 
in  the  most  explosive  proportions.  The  circuit  was  opened  at 
various  strengths  of  current,  beginning  at  very  low  values  and 
increasing  the  current  until  an  explosion  occurred.     The  aver- 
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age  current  at  which  an  explosion  occurred  under  these  condi- 
tions was  0.45  ampere.  This  result  shows  that  by  introduc- 
ing inductance  into  the  circuit,  an  explosive  spark  is  obtained 
at  a  much  lower  current-value.  An  electro-magnet  of  any  sort 
represents  inductance,  and  a  circuit  made  up  of  such  magnets 
or  similar  equipment  would  be  highly  inductive. 

The  next  experiment  was  the  breaking  of  a  220-volt,  8-c-p., 
carbon-filament,  incandescent  lamp  in  a  mixture  of  gas  and 
air  combined  in  the  most  explosive  proportions.  The  breaking 
of  this  lamp  did  not  explode  the  surrounding  gaseous  mixtures. 

The  final  experiment  was  the  breaking  of  a  5o-volt,  82-c-p., 
carbon-filament,  incandescent  lamp  in  a  mixture  of  gas  and  air 
combined  in  the  most  explosive  proportions.  The  breaking  of 
this  lamp  immediately  caused  a  very  violent  explosion  of  the 
gas  surrounding  the  bulb. 

The  experiments  with  the  lamps  show  that  the  likelihood 
of  explosion  of  gas  surrounding  an  incandescent  lamp,  when 
the  bulb  is  smashed,  depends  upon  the  size  and  mass  of  the 
incandescent  lamp-filament.  Although  both  filaments  are 
broken  almost  instantaneously  when  the  bulb  of  the  lamp  is 
smashed,  the  220-volt,  8-c-p.  filament  is  so  very  small  that  the 
inrush  of  the  gaseous  mixture  immediately  chills  it  below  the 
temperature  of  ignition  of  the  gas,  while  in  the  case  of  the 
55-volt,  32-c-p.  lamp  having  a  large  filament,  the  cooling-efiect 
of  the  gas  did  not  reduce  its  temperature  below  the  ignition- 
point  of  the  gas,Vand  an  explosion  resulted. 

The  Briquettivg-Plant. 

The  demonstration  with  the  briquetting-press  was  conducted 
by  Charles  L.  Wright,  Chemical  Engineer,  in  charge  of  Bri- 
quetting  Section,  using  the  German  lignite-briquetting  equip- 
ment of  the  Survey.  The  material  used  was  California  lignite, 
dried  to  contain  from  10  to  15  per  cent,  of  moisture,  and 
agglomerated  by  a  pressure  of  20,000  lb.  per  sq.  in.  without 
the  addition  of  any  binding  material.  The  briquettes  produced 
were  elliptical  in  the  largest  cross-section  and  rectangular  in 
any  other  section.  The  capacity  of  the  plant  is  from  2.5  to  3 
tons  per  hour,  depending  upon  the  material  used.  The  raw 
material  was  prepared  as  follows : 
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After  crushing  in  a  roll-crasher  to  0.25-in.  size  or  smaller, 
the  lignite  is  fed  to  a  Schalz  drier  heated  by  the  exhaust  steam 
from  the  briquette-press  engine.  From  the  drier  the  material 
enters  a  sorting-sieve,  and  any  oversized  pieces  are  crushed 
between  a  pair  of  smooth-faced  rolls.  The  dried  material  is 
then  cooled  in  a  cooling-apparatus  and  elevated  to  a  large 
hopper  over  the  press.  From  this  hopper  the  prepared  ma- 
terial is  fed  to  the  press  automatically  and  compressed  into 
briquettes,  which  are  hard  and  firm,  and  suffer  but  little  in 
transportation.  There  is  no  deterioration  in  storage.  The 
press  is  of  the  open-mold  class,  and  exerts  pressures  ranging 
from  14,000  to  28,000  lb.  per  sq.  in.  This  press  is  adapted  for 
briquetting  lignite  and  peat,  and  with  lignites  only  those  con- 
taining more  than  2  per  cent,  of  matter  soluble  in  carbon  di- 
sulphide  can  be  satisfactorily  treated. 

The  lignite-briquetting  tests  made  by  the  Survey  during  the 
years  1909  and  1910  have  determined  that  some  of  the  Ameri- 
can lignites  can  be  made  into  satisfactory  briquettes  with  this 

machine. 

The  Mechanical-Testing  Laboratory. 

A  tension-test  was  made  of  a  cable  on  the  600,000-lb.  Olsen 
machine,  in  charge  of  Harry  Kaplan,  Assistant  Engineer. 

The  piece  of  cable  tested  was  cut  from  a  coil  intended  for 
use  on  imloaders  at  the  Isthmus  of  Panama.  The  sample  was 
6  ft.  long,  and  consisted  of  six  strands  of  19  wires  each  and  a 
special  core,  also  of  six  strands  of  19  wires  each,  all  of  hard  steel, 
with  a  hemp  center,  the  total  sectional  area  of  all  wires  being 
1.064  sq.  inches. 

Cables  are  tested  according  to  specifications,  involving  some- 
times tests  on  individual  wires,  as  tension,  torsion  and  bending, 
chemical  tests,  etc.  In  the  present  case,  only  the  ultimate 
strength  over  full  cable  section  was  required.  To  grip  the 
cable  in  the  testing-machine,  each  end  of  it  was  "  bushed  *'  for ' 
6  in.  and  the  wires  wiped  clean.  To  keep  the  cable  from  un- 
winding, strong  wire  was  wrapped  around  it  6  in.  from  either 
end  for  about  3  in. ;  the  cable  was  then  set  up  carefully  in  a 
vertical  position  with  one  bushed  end  in  a  steel  tapered  block, 
9.5  in.  long  on  top  and  8  in.  on  bottom,  5  in.  thick  and  5  in. 
deep,  having  a  conical  hole  in  it  of  a  diameter  of  3.75  in. 
at  top  and  1|  in.  at  the  bottom.     In  this  hole  molten  zinc  is 
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poured,  thus  gripping  the  ends  of  the  wires  in  the  block,  which 
will  fit  snugly  in  the  hole  of  either  head  of  the  testing-machine. 
The  lower  end  of  the  cable  was  similarly  treated,  except  that 
its  block  was  narrower  in  order  to  allow  it  to  pass  the  hole  in 
the  upper  head  of  the  machine  and  be  gripped  in  the  lower 
head  by  means  of  liners. 

The  testing-machine  is  a  600,000-lb.  Universal,  vertical,  four- 
screw  machine,  electrically  operated.  The  four  screws,  4  in.  in 
diameter,  do  not  turn,  but  are  moved  up  and  down  simultane- 
ously by  four  different  gears  at  the  bottom.  The  screws  engage 
in  the  lower  head,  exerting  the  necessary  pull.  The  head  can 
also  be  moved  on  the  screws  by  means  of  differential  gears  on 
the  head.  The  stationary  head  is  the  upper  one,  and  can  be 
secured  to  the  frame  of  the  machine  in  six  different  positions 
by  keys  or  bars  running  through  slots  in  the  head  and  frame. 
The  upper  head  is  moved  from  one  position  to  another  by 
bringing  the  lower  or  pulling  head  under  the  upper  head, 
removing  the  keys,  running  down  both  heads  to  the  proper 
position,  and  placing  the  keys  in  the  corresponding  slots. 

Compression-  and  transverse-pieces  are  placed  between  the 
lower  head  and  bed  of  machine,  and  tension-pieces  between 
the  two  heads,  hence  the  screws  are  always  in  tension.  The 
pressure  exerted  is  transmitted  by  a  system  of  levers  to  the 
weighing-beam,  having  a  dial-vernier  and  three  poises  for 
600,000,  300,000,  and  30,000  lb.,  giving  an  accuracy  of  0.3 
per  cent. 

The  cable  was  gripped  carefully  between  the  two  heads,  and 
an  initial  load  of  2,000  lb.  applied  to  insure  the  central  posi- 
tion of  the  cable  in  the  machine.  Increments  of  10,000  lb. 
were  then  gradually  applied,  and  readings  were  taken  at  each 
application  for  the  average  decrease  of  diameter  of  rope  by  a 
micrometer  caliper,  and  for  its  elongation  between  two  points, 
2.6  ft.  apart,  by  a  rule.  Readings  were  not  taken  after  he 
load  reached  200,000  lb.,  at  which  the  "  first  sound  of  failure  " 
was  heard,  that  of  several  individual  wires  parting.  At  200,000 
lb.  the  average  reduction  in  diameter  was  3.1  per  cent,  and  the 
elongation,  3.5  per  cent.  At  the  ultimate  load  of  the  cable  of 
210,380  lb.,  giving  a  corresponding  unit-stress  of  197,700  lb. 
per  sq.  in.,  two  strands  and  all  of  the  special  core  parted  at  the 
middle  of  cable. 
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A  compression-test  on  concrete  was  made  on  the  200,000-lb. 
machine,  in  charge  of  Elvin  R.  Gates,  Junior  Engineer. 

One  of  the  important  variables  of  concrete  is  age,  therefore 
test-pieces  of  concrete  are  studied  at  regular  periods  in  order  to 
determine  the  increase  in  the  strength  with  age.  The  test-pieces 
were  8-  by  16-in.  cylinders,  and  three  cubes,  6-in.  on  edge,  of 
concrete,  being  a  part  of  a  series  of  tests  on  gravel  used  at  the 
Isthmian  Canal  for  reinforced  concrete  piles.  This  part  of  the 
series  consists  of  three  sets  of  cylinders  and  a  large  number  of 
sets  of  cubes.  The  three  sets  of  cylinders  were  made  of  pit^run 
gravel,  in  the  proportion  of  1:0:6.  All  cylinders  after  molding 
were  regularly  cured  in  the  damp  closet  for  four  weeks,  and  the 
first  set  was  left  in  the  damp  closet;  a  second  set  was  placed  in 
fresh  water,  which  is  renewed  every  other  day,  and  a  third  set 
was  sent  to  the  Atlantic  City  Laboratory  of  the  Structural  Mate- 
rials Division,  where  they  were  placed  in  sea-water,  which  is  also 
renewed  every  other  day.  Each  set  numbers  12  cylinders,  3  of 
each  set  being  tested  at  intervals  of  8,  13,  26,  and  52  weeks. 

The  sets  of  cubes  were  made  of  different  proportions  and  of 
different  sizes  of  the  gravel,  iu  order  to  determine  the  densest 
and  strongest  mix  that  can  be  obtained  from  the  gravel. 

There  are  also  many  cylinders  of  different  proportions  of 
mixture  having  a  light  metal  imbedded  in  them  in  various  ways, 
so  as  to  represent  the  ordinary  construction  of  concrete-piles. 
These  cylinders  are  immersed  in  the  searwater  after  having  been 
cured  in  the  damp  closet  for  four  weeks.  At  regular  periods, 
ranging  from  eight  weeks  to  two  years,  these  cylinders  will  be 
broken  open  and  the  condition  of  the  imbedded  metal  noted  as 
regards  corrosion.  There  are  also  a  large  number  of  absorp- 
tion-test pieces  and  other  chemical  and  physical  tests  con- 
nected with  this  investigation. 

The  six  cylinders  tested  were  eight  weeks  old,  of  a  proportion 
of  1 :  0  :  6  pit-run ;  three  were  cured  in  the  damp  closet  and  three 
in  fresh  water,  and  these  cylinders  were  tested  on  a  200,000-lb. 
testing-machine  similar  to  the  600,000-lb  Olsen  machine.  A 
short  time  before  testing  the  ends  of  the  concrete  test-pieces  in 
the  testing-machine  were  smoothed  off  with  plaster  of  pans  at 
right  angles  to  the  axes  in  order  to  insure  an  even  distribution 
of  load  over  the  area.  For  this  purpose  a  rigid  table  is  used,  the 
top  of  which  is  horizontal,  and  consists  of  a  heavy  piece  of  plate- 
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glass  about  1  it.  square.  The  glass  is  first  oiled,  then  plaster  ot 
pans  mixed  with  water  is  spread  on  it  about  0.25  in.  thick,  into 
which  the  test-piece  is  forced  before  the  plaster  of  paris  sets  in 
such  a  manner  that  a  layer  about  ^^  or  |  in.  thick  is  left  on  the 
test-piece.  The  sides  of  the  test-piece  are  maintained  vertically 
by  means  of  a  spirit-level.  After  the  plaster  of  paris  is  set, 
the  other  end  is  similarly  treated. 

On  the  cylinders  a  brass  compressometer  is  used  to  measure 
the  vertical  deformation  under  load.  It  consists  of  two  yokes 
placed  exactly  12  in.  apart  equal  to  the  gauge-length.  From  the 
top  yoke  two  rods  project  and  come  in  contact  with  microme- 
ters, reading  to  0.0001  in.,  on  the  lower  yoke  on  either  side  of 
the  test-piece.  Contact  is  obtained  by  listening  for  the  making 
and  breaking  of  an  electric  circuit  in  a  telephone  receiver. 
By  plotting  the  unit  reading,  the  initial  modulus  of  elasticity 
is  obtained. 

The  load  is  applied  continuously  at  a  speed  of  about  ^  in. 
per  min.,  readings  being  taken  at  each  increment  of  5,000  lb.> 
or  about  100  lb.  per  sq.  in.  The  load  at  the  first  crack,  the 
maximum  load,  and  the  appearance  of  the  ruptured  cylinders 
are  recorded. 

A  tension-test  on  steel  was  made  under  the  charge  of  E.  B. 
Tolstead,  Assistant  Engineer.  A  piece  of  steel  rod,  1  in.  in 
diameter  and  18  in.  long,  was  tested  on  the  100,000-lb.  Univer- 
sal testing-machine,  similar  in  construction  to  those  already 
described.  The  steel  was  cut  from  a  rod  that  was  used  in  a 
test-piece  of  reinforced  concrete  for  determining  the  bond  be- 
tween the  concrete  and  the  steel.  A  Henning  extensometer 
with  electric  contact  was  used,  and  the  elongation  measured 
over  a  gauge-length  of  8  in.  The  modulus  of  elasticity  was 
determined  by  plotting  unit-stresses  and  unit-elongations  and 
drawing  a  tangent  to  the  curve  below  the  elastic  limit.  The 
results  obtained  in  this  test  correspond  with  those  for  mild 
steel — namely,  elastic  limit,  36,000 ;  yield-point,  88,000  ;  maxi- 
mum unit^stress,  84,700  lb.  per  sq.  in. ;  the  modulus  of  elasticity 

was  82,000,000. 

Clay- Testing  DepartmenL 

The  tests  and  investigations  of  clay  products  were  under  gen- 
eral charge  of  Dr.  Albert  V.  Bleininger,  Ceramic  Chemist. 
In  the  machinery-room  the  grinding-  and  molding-machines 
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used  in  the  testing  of  clays  were  shown  in  operation  by  G.  H. 
Brown,  assisted  by  R.  K  Hursh.  At  the  time  of  the  visit, 
samples  of  clay  from  Texas  were  being  put  through  the  ma  - 
chines,  a  work  undertaken  in  oo-operation  with  the  Geologic 
Branch  of  the  Survey.  The  facilities  for  drying  were  also 
6hown,  with  special  reference  to  the  preheating  carried  on  in 
connection  with  the  use  of  certain  excessively  plastic  clays  from 
Western  States,  which  so  far  have  been  found  unworkable,  but 
which  are  important  deposits  from  the  fact  that  the  localities 
from  which  they  were  obtained  lack  other  structural  materials, 
such  as  timber  and  stone. 

W.  E.  Emley  explained  the  work  being  done  on  the  ex- 
amination of  limestone  and  limes,  which  it  is  hoped  will  bring 
out  important  information  for  the  benefit  of  the  consumer  and 
the  manufacturer. 

In  the  adjoining  kiln-house  a  fire-brick  test  was  in  progress, 
and  the  operation  of  the  furnace  was  explained  by  A.  V.  Blein- 
inger,  in  charge  of  the  Clay  Products  Section.  In  this  particular 
test  the  behavior  of  fire-bricks  under  a  compression-load  of  50 
lb.  per  sq.  in.  at  a  temperature  of  1,350°  C.  was  being  studied- 
Some  interesting  results  have  been  brought  out  in  this  connec- 
tion, and  it  has  been  possible  to  discriminate  sharply  between 
materials  suitable  for  withstanding  load-conditions  at  common 
furnace-temperatures  and  those  which  are  not  suited  for  such 
use.  This  refers  particularly  to  gas-benches,  blast-stoves, 
muffles,  retorts,  crowns,  etc. 

At  the  same  time  the  two  down-draft  kilns  used  for  burning 
the  specimens  were  shown  in  operation.  In  each  of  these  test- 
kilns  more  than  a  ton  of  clay-ware  may  be  burnt  under  condi- 
tions closely  approximating  the  conditions  of  practice.  By 
means  of  pyrometers,  draft-gauges  and  gas-analysis  apparatus, 
the  rate  of  heating  and  cooling  and  the  effect  of  oxidizing  and 
reducing  conditions  may  be  followed. 

In  a  small  electrical  carbon-resistance  furnace  higher  tem- 
peratures for  fusion-tests  of  refractory  materials  may  be  reached. 

In  another  building  a  demonstration  of  slimes  was  made  by 
Harrison  E.  Ashley,  which  consisted  in  an  exhibition  of  the 
apparatus  used  in  his  study  of  the  conditions  under  which  clays 
and  slimes  are  dissolved  or  suspended  in  water,  and  are  coagu- 
lated or  precipitated  therefrom. 
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Two  elutriation  apparatus  (similar  to  conical  classifierB)  were 
in  operation,  their  products  were  exhibited,  and  a  wall-chart 
showed  that  the  temperature  of  the  water-supply,  within  the 
range  of  ordinary  atmospheric  temperatures,  has  a  profound 
influence  upon  the  size  of  the  products. 

In  tubes  it  was  shown  how  the  best  proportion  of  reagent 
can  be  determined,  either  for  cleaning  the  colloidal  matter  en- 
tirely from  the  crystal  grains,  or  for  coagulating  slimes.  The 
results  of  such  determinations  were  shown  in  wall-charts.  Ac- 
cording to  these  results,  an  excess  of  lime  beyond  the  minimum 
requirement  for  classification  is  disadvantageous.  In  certain 
caaes,  other  inexpensive  salts  give  a  better  action  than  lime. 

On  Thursday  morning,  March  3,  through  the  courtesy  of 
J.  D.  Gallery,  President  of  the  Pittsburg  Railways  Co.,  special 
trolley-cars  were  provided  to  convey  about  a  hundred  members 
and  guests  of  the  Institute  to  the  steel  plant  of  the  Carnegie 
Steel  Co.,  at  Homestead,  where  exceptional  facilities  were 
provided  for  the  instruction  and  entertainment  of  the  party. 
The  special  committee  to  receive  the  party  and  conduct  it 
through  the  plant  consisted  of: 

Col.  A.  R.  Hunt,  General  Superintendent ;  J.  H.  Qrosse ;  J. 
C.  Lawler;  L.  R.  Custer;  L.  M.  Hartzell;  W.  H.  Packer; 
James  Horton ;  L.  P.  Lincoln ;  R,  H.  Watson ;  A.  A.  Corey, 
Jr. ;  Charles  Orchard  ;  and  S.  S.  Wales. 

It  was  manifestly  impracticable  to  inspect  the  entire  plant, 
the  grounds  of  which,  on  the  river-front  alone,  extend  over  a 
distance  of  2.5  miles;  moreover,  it  is  beyond  the  province  of 
the  present  description  to  recite  in  detail  all  that  was  seen.  At 
first  the  party  went  through  one  of  the  basic  open-hearth  de- 
partments, and  the  various  details  of  operation  were  viewed 
with  interest  and  interrogation.  In  all,  there  are  66  furnaces, 
of  individual  capacities  up  to  75  tons,  and  two  stands  of  acid 
Bessemer  converters.  The  plate-mill  was  then  visited,  and  the 
40-in.  universal  mill,  erected  more  than  20  years  ago  by  S.  T. 
Wellman,  who  was  in  the  party,  came  in  for  a  good  share  ot 
admiration  and  comment.  Soaking-pits,  reheating-furnaces, 
120-in.  finishing-rolls,  cooling-tables,  shears,  straight  and  cir- 
cular, were  viewed  and  discussed,  but  of  particular  and  fasci- 
nating interest  was  the  Wellman  electric  charger,  which  served 
eight  furnaces,  four  on  a  side,  picking  up  cool  slabs  from  the 
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transfer-rolls,  charging  them  into  one  furnace,  then  moving 
rapidly  to  another  furnace,  reaching  in,  picking  up  other  hot 
slabs,  and  carrying  them  to  the  transfer-apparatus  which  sup- 
plies the  finishing-mill — all  done  quickly,  gracefully,  and  ap- 
parently with  almost  human  intelligence.  For  the  further 
entertainment  of  the  party,  the  operator  made  the  immense 
charger  ''  do  stunts,"  swinging  around  in  one  direction,  then 
reversing,  then  up,  down,  forward,  and  back.  It  really  seemed 
as  if  the  machine  were  actually  waltzing  around,  around,  and 
around.  One  enthusiastic  observer  remarked:  "My!  what  a 
machine !  Performing  all  its  manifold  functions  without  once 
sitting  down  to  rest !  " 

The  Harveyizing  branch  of  the  armor-plate  department 
called  forth  exclamations  of  praise.  The  enormous  hydraulic 
presses  which  reduce  the  ingots  of  50  tons  weight,  or  more, 
into  plates,  the  old  Harveyizing  furnace,  and  the  cooling-sprays 
for  hardening  the  plate  after  the  surface  had  absorbed  the  de- 
sired amount  of  carbon,  came  in  for  a  share  of  comment  and 
inquiry.  Partly-finished  plates  up  to  a  thickness  of  14  in.,  or 
more,  were  examined,  and  the  manner  of  obtaining  the  test- 
pieces,  as  required  by  the  government,  was  explained  in  detail. 
Fractures  showing  the  change  in  structure  from  the  hardened 
surface  to  the  tough  interior  were  studied  with  interest,  and 
many  questions  were  propounded  as  to  the  relative  merits  of 
chromium,  nickel,  vanadium,  tungsten,  molybdenum,  alone  and 
in  combination,  without  being  too  definitely  answered  by  the 
cautious  experts  in  charge  of  the  work. 

After  the  operations  of  the  armor-plate  department  had  been 
inspected,  as  well  as  the  short  time  permitted,  the  party  boarded 
a  special  train  and  was  conveyed  across  the  "  hot  metal "  bridge 
to  the  Carrie  furnaces  on  the  opposite  bank  of  the  river,  2.5  miles 
distant.  The  metal  tapped  from  the  blast-furnaces  into  ladle- 
cars  is  carried  over  this  bridge  to  the  open-hearth  furnaces 
while  still  molten.  The  flooring  and  side-walls  of  the  bridge 
are  lined  with  fire-brick,  in  order  to  prevent  any  damage  to 
boats  passing  under  it  by  metal  spilled  in  a  possible  derail- 
ment or  the  breaking  of  a  ladle.  A  hasty  trip  was  made 
through  the  blast-engine  house  and  around  the  blast-furnaces 
and  hot-blast  stoves.  The  train  was  again  boarded,  and  the 
party,  now  hot  and  foot-weary,  hailed  with  joy  the  statement 
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that  the  next  department  to  be  visited  was  the  "  Commissary." 
In  the  Firemen's  Hall  at  Munhall  a  delightful  and  refreshing 
luncheon  was  served  by  the  courtesy  of  the  Carnegie  Steel  Co. 
Col.  A.  R.  Hunt  presided,  and  brief  speeches  of  welcome  by 
our  hosts  on  the  one  hand,  and  hearty  thanks  by  President 
Brunton  and  Vice-President  Saunders,  on  the  other,  followed 
in  rapid  succession.  The  remainder  of  the  afternoon  was  de- 
voted to  a  special  trip  by  a  selected  few  to  the  electric  steel, 
open-hearth,  refining  furnace  of  the  Carnegie  Steel  Co.,  and 
to  the  admirable  plant  of  the  Mesta  Machine  Co.,  an  abridged 
description  of  which,  taken  from  the  Iron  Age^  Aug.  16,  1909, 
follows : 

The  large  plant  of  this  companj  is  situated  in  West  Homestead,  Allegheny 
county,  Pa.,  on  the  Monongahela  river,  about  6  miles  from  the  business  center  of 
Pittsburg,  and  adjoining  Homestead,  Pa.  Much  of  its  product — heavy-duty  engines 
for  rolling-mills,  blast-furnaces  and  power-plants,  rolling-mill  machinery,  chilled 
rolls,  steel  castings,  and  machine-molded  gears — has  to  be  shipped  but  short  dis- 
tances. But  the  plant  has  also  direct  connections  with  the  Pennsylvania,  Balti- 
more &  Ohio,  Pittsburg  <&  Lake  Erie  and  New  York  Central  railroads.  By  way  of 
the  Monongahela  river,  it  receives  much  of  its  raw  materials  and  supplies,  and 
ships  some  of  its  products.  The  floor-level  is  Id  ft  above  the  highest  level 
reached  by  the  river. 

The  plant  covers  about  20  acres,  has  about  500,000  sq.  ft.  of  floor-space  under 
roof,  and  over  400,000  sq.  ft.  covered  by  electric  traveling-cranes.  Behind  the 
four-story,  fire-proof  office-building  are  the  fire-proof  machine-  and  erecting-shops, 
built  of  steel,  concrete  and  fire-brick,  with  a  combined  width  of  210  ft  and  a 
length  of  1,000  ft.  The  overhead  traveling-cranes  in  these  departments,  and  the 
machine-shop  tools,  are  capable  of  handling  the  heaviest  pieces  of  machinery  that 
can  be  shipped. 

Adjoining  the  lower  end  of  the  machine-  and  erecting-shops  is  the  power-plant. 
An  overhead  bridge  from  the  boiler-house  to  the  river  conveys  coal  from  barges 
to  the  storage,  or  shipments  of  machinery  by  river.  On  the  river-side  of  the  ma- 
chine-shop is  a  yard  covered  by  two  electric  traveling-cranes,  running  the  entire 
length  of  the  shop.  Tbb  yard  is  usjed  for  storing  castings  as  they  come  from  the 
foundry  until  the  machine-shop  is  ready  to  receive  them.  Directly  back  of  the 
power-house  is  a  large  forge-shop,  and  immediately  behind  this  the  foundry,  paral- 
leled by  a  two-story  and  basement  pattern-shop,  60  ft'  wide  and  175  ft.  long,  and 
pattern-storage  buildings.  The  foundry  building  has  a  main  bay  80  ft.  wide,  a 
side  bay  60  ft  wide  and  a  25-ft  lean-to  on  the  opposite  side.  This  foundry  is  also 
equipped  with  overhead  traveling-cranes  and  traveling  jib-cranes. 

On  the  river-side  of  the  foundry  building  is  an  84-ft.  yard  covered  by  30-ton 
traveling  gantry-cranes.  This  yard  is  used  for  storing  raw  materials,  flasks,  etc., 
and  through  it  car-loads  of  material  are  distributed  to  the  various  departments  by 
the  locomotive  of  the  company. 

The  Office  Buildings, 

The  of&ce  building  has  four  floors.  The  first  contains  the  time-office ;  an  emer- 
gency-hospital ;  a  library  for  the  employees,  where  all  the  leading  technical  and 
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Bcientific  periodicals  are  provided ;  and  a  private  dining-room  for  Tisiton  and 
officers  of  the  oompanj)  as  well  as  a  larger  dining-room  where  lancheon  is  served 
dailj  to  the  office-men,  foremen  and  assistant  foremen  of  the  works.  On  theseoood 
floor  are  the  bosiness  offices.  The  third  floor  is  devoted  to  the  sales  department, 
comprising  the  offices  of  the  vice-president  and  sales-manager,  the  estimating  de- 
partment, blue-print  room,  photographic  department,  letter-files,  offices  of  the 
selling  engineers,  a  reception-room  for  visitors,  and  a  fire-proof  vault  where  all 
foreign  tracings,  blae-prints  and  drawings  are  kept.  The  fourth  floor  is  occapied 
by  the  engineering  department  with  drafting- rooms  and  offices,  and  fire-proof  vaults 
for  designs  and  tracings. 

The  Machine-  and  Ereeting-Shops^ 

Like  the  walls,  the  floors  of  the  machine-shop  are  of  concrete,  except  certain 
sections,  which  are  heavy  cast-iron  plates  slotted  for  bolting  heavy  castings  solidlj 
to  the  floor,  enabling  simultaneous  operations  with  portable  tools  to  be  performed 
on  a  single  piece  of  machinery.  Frequently  as  many  as  three  or  four  tools  are 
operating  on  a  casting  at  the  same  time. 

One  of  the  erecting  departments,  60  by  100  ft.  in  size,  has  a  floor  consisting  of 
a  concrete  slab  4  ft.  thick.  Here  the  vertical  engines,  such  as  blowing-engines 
and  mill-  and  power-machines,  are  erected.  This  special  heavy  floor  was  installed 
so  that  engines  50  ft  high  could  be  erected  without  danger  of  settling  out  of  align- 
ment during  the  process.  Thb  erecting  floor  has  two  craneways,  respectively  35 
ft.  and  50  ft  above  the  floor.  Four  pairs  of  vertical  cross-compound  blowing- 
engines  48  ft.  high  have  been  erected  on  this  floor  at  the  same  time. 

The  RoU-Shop. 

The  large  and  well-lighted  roll-shop  is  equipped  throughout  with  special  heavy 
roll-lathes  of  the  company's  own  design  and  construction.  Any  class  of  roll- or 
pinion-work  can  be  executed  expeditiously.  Many  shapes  and  sizes  of  sand-cast, 
chilled  and  steel  rolls,  for  rolling  iron,  steel,  brass,  copper,  zinc,  rubber,  glass, 
and  paper,  are  here  manufactured,  as  well  as  special  water-chilled  rolls  and  the 
Mesta  patented  vanadium-steel  roll,  which  is  used  for  purposes  requiring  a  close 
tough  metal. 

The  Forge-Shop. 

This  shop  contains  three  heavy  hammers,  four  forges,  and  a  large  gas  heating- 
furnace.  It  is  always  well  stocked  with  ingots  from  the  open-hearth  steel-melting 
department,  comprising  carbon-steel  of  any  desired  percentage  of  carbon,  nickel- 
steel,  and  vanndium-steel.  Particularly  with. regard  to  the  latter  alloy,  this  com- 
pany has  an  advantage  in  making  its  forgings  at  the  same  plant  where  the  origi- 
nal ingot  was  poured,  enabling  it  to  make  prompt  deliveries,  and  to  keep  com- 
plete record  of  its  chemical  analysis  and  physical  tests  of  every  heat 

The  O ear- Department, 

One  of  this  company's  specialties  is  the  manufacture  of  gears.  Fifteen  years 
ago,  having  decided  that  ti)e  old  method  of  making  gears  from  wooden  patterns 
was  not  sufficiently  accurate  to  meet  the  demands  of  modem  machinery,  it  started 
to  develop  geai^molding  machines.  These  machines  have  been  perfected  and  pat- 
ented, and  are  now  used  by  this  company  for  making  all  cast  gears. 

The  gear-cutting  department  is  equipped  for  cutting  spur-gears  of  all  sizes  up 
to  20  ft.  in  diameter,  and  bevel-gears  up  to  16  ft  in  diameter.  For  all  large  spur 
and  bevel  gear-cutting,  gear- planers  are  used.    In  making  large  cut  gears,  the  molds 
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for  the  castings  are  first  made  on  the  gear-molding  machines,  leaving  sufficient  ex- 
cess materia]  on  the  teeth  so  that  they  can  afterwards  be  planed. 

The  Pattem-Shop, 

The  pattern-shop  has  been  built  as  nearly  fire-proof  as  possible.  The  heavy 
steel  frame  is  imbedded  in  concrete,  and  the  roof  is  of  reinforced  concrete. 

On  the  top  floor,  patterns  for  large  engines,  bed-plates,  and  the  like,  are  made. 
In  addition  to  the  windows,  a  large  skylight  extends  the  length  of  the  building. 
It  is  very  important  in  making  large  patterns  to  have  overhead-light  in  addition 
to  the  side-light. 

In  one  section  of  the  first  floor,  tooth-blocks  for  the  gear-molding  department 

are  made.    This  floor  is  also  well  lighted  by  windows  on  all  sides,  and  is  equipped 

with  modem  wood-working  tools.     The  offices  of  the  foreman  and  the  clerical 

forces  are  inclosed  by  concrete  partitions,  thus  assuring  safety  of  records,  prints, 

and  designs  from  fire. 

The  PcMem  Storage, 

The  top  floor  of  the  pattern-storage  building  consists  of  a  number  of  rooms 
forming  60-ft.  sections  divided  by  fire-proof  walls,  with  fire-proof  doors  of 
heavy  steel.  In  these  rooais  all  patterns  are  compactly  stored  in  such  a  way  that 
any  desired  pattern  can  be  instantly  found  and  sent  to  the  foundry  across  the 
bridges  which  connect  the  two  buildings. 

The  Iron-Foundry, 

This  building  attracts  attention  by  its  great  height  and  massive  strength.  The 
columns  are  spaced  20  ft  apart,  forming  20-ft.  bays ;  and  the  span  of  the  main 
foundry  is  80  ft,  over  which  travel  100- ton  electric  cranes.  Along  the  side  are 
numerous  jib-cranes,  used  for  the  lighter  work,  such  as  setting  cores,  handling 
flasks  and  supplies. 

In  the  side  foundry,  which  is  60  ft.  wide,  where  the  smaller  work  is  made,  the 
equipment  is  about  the  same  as  in  the  larger  part,  the  only  difference  being  that 
the  capacity  is  limited  to  50  tons.  The  roof  of  the  foundry  is  of  reinforced  con- 
crete, 4  in.  thick,  and  simply  finished  with  a  surface  coat  It  has  been  found 
after  a  year  of  bervice  to  be  thoroughly  water-proof  and  not  to  require  the  appli- 
cation uf  any  other  mute  rial  on  the  surface. 

The  Cort-Ovens. 

The  core-ovens  represent  a  new  idea  in  construction,  the  furnaces  and  store- 
room for  the  cores  being  entirely  underground.  The  furnaces  are  fired  with  coke, 
and  the  upper  parts  of  the  ovens  are  covered  by  rolling  doors  of  steel. 

The  Air- Furnaces  and  Cupola. 

The  air-furnaces  have  a  capacity  for  melting  250  tons  of  iron,  if  necessary,  in 
one  heat.  For  the  smaller  castings,  and  for  feeding  the  larger  ones,  the  iron  is 
melted  in  an  84-in.  cupola.  The  size  of  castings  made  in  this  foundry  is  limited 
only  by  the  carrying-capacity  of  the  railroads. 

The  Brass- Foundry. 

The  brass-foundry  is  equipped  with  a  converter  and  crucible  pots,  and  an  electric 
hoist  furnishes  the  power  for  handling  the  work. 

The  Steel-Foundry. 

The  steel- foundry  is  equipped  with  acid  open-hearth  furnaces  with  a  capacity 
of  125  tons  of  steel  castings  a  day.  Single  castings  can  be  made  in  steel  up  to 
100,000  lb. 
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The  RoU'Foundry, 
This  company  has  long  been  eminent  in  the  manufacture  of  rolls ;  but  probably 
few  are  aware  of  its  constant  efforts  to  find  better  ways  of  casting  chill-rolls. 
The  greatest  success  hsA  come  with  the  use  of  vanadium-steel,  and  of  the  special 
water-chilling  process,  by  which  any  degree  of  hardness  or  any  depth  of  chill  de- 
sired in  a  roll  can  be  attained.  This  chilling,  being  done  mechanically,  permits 
the  use  of  a  tougher  and  stronger  iron  than  was  formerly  possible,  since  the  chilling 
then  depended  solely  on  the  chemical  composition  of  the  iron,  and  consequently 

the  rolls  were  brittle. 

Notable  Products  of  the  Company . 

The  plant  of  the  Mesta  Machine  Co.  was  designed  and  built  especially  for  the 
building  of  heavy-duty  engines  for  blast-furnaces,  rolling-mills,  and  power-plants, 
and  also  of  machinery  used  in  the  manufacture  of  iron  and  steel.  Some  of  its 
noteworthy  installations  are  as  follows  :  Five  horizontal  cross-compound  blowing- 
engines  for  the  two  600-ton  blast-furnaces  of  the  Illinois  Steel  Co.  ;  five  vertical 
cross-compound  blowing-engines  for  the  two  600-ton  blaat-furnaoes  of  the  Donora 
plant  of  the  Carnegie  Steel  Co.  ;  twenty-four  blowing-engines  for  the  Tennessee 
Coal,  Iron  &  Railroad  Co.  (said  to  be  the  largest  group  of  engines  of  one  make  in 
any  plant  in  the  United  States) ;  five  blowing-engines  for  the  Cleveland  Furnace 
Co.  ;  two  pairs  of  56-  by  66-in.  piston-valve  roversing-engines  for  the  Tennessee 
Coal,  Iron  &  Kailroad  Co.  for  driving  its  blooming-  and  rail- mills ;  one  pair  of 
50-  by  60-in.  roversing-engines  for  the  Illinois  Steel  Co.  ;  three  roversing-engines 
for  the  National  Tube  Co.  ;  two  pairs  of  twin  tandem-compound  roversing-engines 
for  the  Bethlehem  Steel  Co.  ;  one  44-  and  76-in.  by  60-in.  cross-compound  engine 
for  the  Bethlehem  Steel  Co.  (the  total  weight  of  this  engine  was  over  1,0(X),0(X)  lb. 
and  some  of  its  individual  castings  weighed  over  100  tons) ;  one  large  tandem- 
compound  engine  to  drive  the  rail- mill  of  the  Inland  Steel  Co. ;  one  horizontal 
vertical  engine  to  drive  the  rail-mill  of  the  Tennessee  Coal,  Iron  &  Railroad 
Co.  ;  and  one  Corliss  engine  which  drives  the  billet-mill  of  the  Clairton  Works  of 
the  Carnegie  Steel  Co. 

The  facilities  for  building  engines  were  strikingly  illustrated  a  few  months 
ago  when  a  36-  by  72-in.  heavy-duty  Corliss  engine,  with  100-ton  fly-wheel,  was 
completed  ready  for  shipment  in  30  days  from  the  receipt  of  the  order. 

In  addition  to  the  excursions  above  described,  invitations 
were  extended  to  the  Institute  party  to  inspect  the  plants  of 
the  following  companies :  Westinghouse  Electric  &  Manufac- 
turing Co. ;  Jones  &  Laughlin  Steel  Co. ;  C.  G.  Hussey  &  Co. ; 
H.  K.  Porter  Co. ;  Pennsylvania  Drop  Forging  Co. ;  Zug  Iron 
&  Steel  Co. ;  American  Bridge  Co. ;  Pittsburg  Steel  Co. ;  Park 
Steel  Works,  Crucible  Steel  Co.  of  America;  Pressed  Steel 

Car  Co. 

Special  Excursions  for  the  Ladies. 

On  Wednesday,  March  2,  the  ladies  of  the  Institute  party 
were  entertained  at  a  luncheon  given  at  the  Allegheny  Country 
Club,  several  miles  from  Pittsburg.  A  special  meeting  of  resi- 
dent ladies  received  the  guests,  and  served  a  luncheon,  which, 
with  the  beautiful  weather  and  the  delightful  surroundings, 
made  the  occasion  one  long  to  be  remembered  with  pleasure. 
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On  Thursday,  while  the  members  were  visiting  the  Carnegie 
Steel  Works  and  the  plant  of  the  Mesta  Machine  Co.,  the  ladies 
enjoyed,  under  the  guidance  of  Mrs.  Taylor  AUderdice,  and 
others  of  the  Ladies'  Local  Committee,  a  delightful  automobile 
trip  through  the  parks  and  residential  sections  of  Pittsburg, 
visiting  afterwards  the  famous  pickle  factory  of  H.  J.  Heinz 
Co.,  where  luncheon  was  served  through  the  courtesy  of  the 
officers  of  the  company.  Special  praise  was  bestowed  on  the 
admirable  management  of  the  culinary  department  and  the 
thorough  organization  of  the  business. 

On  Thursday  evening  a  reception,  dance,  and  collation  were 
given  in  the  ball-room  of  the  Hotel  Schenley,  under  the  aus- 
pices of  the  Local  Committee  and  the  Ladies'  Committee. 

Other  pleasing  and  instructive  excursions  were  made  by  the 
ladies,  notably  to  the  art-galleries  and  museum  of  Carnegie  In- 
stitute, the  Margaret  Morrison  Carnegie  School  (which  is  the 
woman's  department  of  the  Carnegie  technical  school),  and 
various  places  of  interest  in  the  city  and  environments. 

Members  and  Guests  in  Attendance  at  the  Sessions  and  Excursions. 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS.] 


Pressure-Fans  vs.  Exhaust-Fans. 

Diflcussion  of  the  paper  of  Audlej  H.  Stow,  presented  at  the  New  Haven  meeting, 
February,  1909,  and  printed  in  BuUetin  No,  26,  February, 

1909,  pp.  181  to  195. 

R.  V.  NoRRis,  Wilkes-Barre,  Pa.  (communication  to  the 
Secretary*) : — Mr.  Stow's  paper  presents  a  series  of  arguments, 
numbered  from  1  to  18,  concerning  the  relative  merits  of  four 
systems  of  colliery-ventilation,  designated  by  the  author  as 
"  plain  pressure-ventilation,"  "  plain  exhaust-ventilation,"  "  ob- 
structed pressure-ventilation,"  and  "  obstructed  exhaust-venti- 
lation." These  arguments  are  subsequently  compared  by 
means  of  tables,  in  which  an  arbitrary  numerical  value  is 
assigned  to  each,  and  which  consequently  serve  no  other  pur- 
pose than  that  of  showing  his  opinions  and  predilections,  as 
indicated  by  his  assignment  of  the  said  numerical  values.  In 
addition  to  this  general  summary,  Mr.  Stow  intimates  his  pref- 
erence for  a  fifth  method  of  colliery-ventilation — namely,  what 
he  calls  "  alternating  pressure- ventilation,"  which  consists  in 
the  running  of  the  fan  at  "pressure  "  during  working-hours, 
and  as  an  "  exhaust "  between  shifts — a  system  which  he  pro- 
poses as,  perhaps,  new,  yet  which  he  thinks  deserves  recogni- 
tion "  as  a  standard  form." 

This  proposed  "  standard  form  "  is  not  to  be  found  in  prac- 
tice ;  and  I  think  it  would  be  impracticable  in  gaseous  mines 
of  large  extent,  for  the  following  reasons : 

1.  It  takes  considerable  time  to  reverse  the  air-current  in 
a  large  mine;  and  the  reversal  would  involve  a  period  of 
complete  stoppage  of  ventilation,  long  enough  to  permit  serious 
accumulations  of  gas. 

2.  In  shaft-  and  slope-mines,  at  least,  it  is  hardly  practi- 
cable to  have  "  every  man  out  of  the  mine "  during  the 
night,  and  certainly  impracticable  to  avoid  keeping  mules  and 
horses  inside. 

*  Received  Feb.  14,  1910. 
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8.  The  doors  necessary  to  divide  and  direct  the  air-current 
are  properly  hung  to  open  against  the  air-pressure ;  and,  unless 
these  were  secured,  a  reversal  of  the  fan  would  not  result  in  a 
complete  reversal  of  the  ventilating-current,  but  only  in  a  short- 
circuiting,  with  probabilities  of  accumulation  of  gas  at  many 
points.  Moreover,  there  would  be  danger  that  important  doors, 
blown  open  by  the  reversal,  would  remain  open  at  the  resump- 
tion of  regular  ventilation,  thereby  disarranging  the  entire  cir- 
culation and  inviting  disastrous  explosions.] 

The  calculation  under  No.  3,  in  favor  of  this  "  standard " 
method,  is  based,  as  the  author  says  (p.  186),  on  extreme  fig- 
ures ;  in  fact,  upon  figures  so  extreme  as  to  vitiate  his  conclu- 
sions. If  old  workings  covering  a  square  mile,  with  50  per 
cent,  removed,  have  an  open  space  of  100,000,000  cu.  ft.,  they 
must  be  fully  open,  and  could  and  should  be  properly  ven- 
tilated ;  whereas,  if  such  workings  have  closed,  there  would  be 
no  such  open  area,  and,  further,  the  movement  of  air  or  gas  con- 
tained in  them  would  be  relatively  very  slow,  and  the  "  breath- 
ing "  proposed  would  have  a  relatively  small  effect. 

With  regard  to  Mr.  Stow's  eighteen  "  arguments,"  the  fol- 
lowing comments  appear  to  be  warranted : 

"A.  Against  Plain  Pressure- Ventilation." 

"  1.  The  traveling  and  haulage  in  the  return-current^  required  by 
plain  pressure-ventilation^  are  objectionable^' 

The  discussion  of  this  proposition  is  generally  correct,  except 
that  locomotive-haulage  is  properly  performed  in  a  special  split 
of  air,  and  not  in  the  general  return ;  and  that  the  difference 
in  temperature  between  the  fire-box  of  a  locomotive  and  the 
electric  arc  is  absolutely  immaterial.  Either  will  surely  fire  gas. 

"  2.  In  winter  there  is  serious  risk,  with  plain  jpressure-ventilatioUy 
of  the  air-course  freezing-up  at  a  critical  moment  and  possibly  caus- 
ing an  explosion.^' 

The  question  of  freezing  in  the  intake,  especially  in  shafts 
mines,  is  a  serious  one,  and  applies  equally  to  both  pressure- 
and  exhaust-ventilation.  I  cannot  agree  to  the  proposition  that 
the  accumulation  of  ice  induced  in  the  hoisting-shaft  during 
the  night  would  be  '*  merely  a  question  of  small  expense  and 
not  of  danger."  Unfortunately,  there  have  been  a  number  of 
fatal  accidents  due  to  this  cause. 
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'*  3.  Pressure-fans  are  objectionable  on  the  score  of  possible  break- 
dovms" 

It  is  not  clear  that  the  small  difference  in  pressure  between 
exhaust-  and  pressure-ventilation  has  much  effect  in  drawing 
the  gases  out  of  the  solid ;  and  I  think  the  effect  of  the  sudden 
breakdown  of  the  only  fan  on  a  gaseous  mine  would  be  so  seri- 
ous that  the  type  of  ventilation  in  use  would  be  insignificant  in 
comparison. 

Duplicate  fans  are  certainly  warranted  in  all  cases  on  gase- 
ous mines,  and  the  insurance  thereby  secured  should  not  be 
considered  an  "  unnecessary  burden."  I  see  no  reason  why  an 
exhaust-fan  could  not  be  reversed  as  well  as  a  pressure-fan,  at 
night  or  at  any  other  time,  should  such  a  course  be  desirable. 

"  4.  Pressure-fans  are  more  liable  to  be  wrecked  in  case  of  explo- 
sions." 

No  fan  should  be  so  installed  as  to  be  liable  to  damage  from 
explosion ;  and  the  relative  damage  to  the  two  types  would  de- 
pend upon  the  location  and  course  of  the  explosion,  not  on  the 
type  of  the  fan. 

"B.  In  Favor  of  Plain  Pressure-Ventilation." 

"  5.  Positive  or  pressure-fans  hold  '  gas-blowers '  in  check  better 
than  exhaust-fans," 

In  my  judgment,  this  argument  is  without  importance. 

"  6.  Pressure-fans  have  the  advantage  in  times  of  falling  barom- 
eterr 

This  is  not  proved.  The  author  suggests  staying  out  of  the 
mines  until  the  barometer  gets  through  falling;  the  safest 
course  would  be  to  stay  out  of  the  mines  altogether.  The  final 
clause  of  his  discussion  would  apply  as  well  to  suction-ventila- 
tion, and  forms  merely  an  argument  against  the  driving  of  fans 
by  constant-speed  motors. 

'*7.  Positive  or  pressure-fans  keep  fires  in  check  better  than  ex- 
haust-fans" 

The  discussion  is  entirely  correct;  but  the  author  might 
have  added  that  reversing  the  current  is  often  advantageously 
employed  in  fighting  a  mine-fire. 

"  8.  Under  plain  pressure-ventilation^  when  the  air  is  properly 
split f  an  explosion  should  be  less  disastrous" 

I  would  say  that,  under  any  type  of  ventilation,  when  the 
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air  is  properly  split  an  explosion  should  be  less  disastrous. 
May  we  not  assume  that  this  paper  is  discussing  properly- 
handled  ventilation,  which  presupposes  proper  splitting  ? 

"  9.  In  shallow  minfSj  pressure-fans  may  force  considerable 
volumes  of  gas  to  the  surface  through  pillar-breaks" 

This  properly  refers  to  mines  worked  to  the  crop,  and  not 
necessarily  shallow.  In  such  cases,  the  loss  of  air  with  pres- 
sure-ventilation may  be  very  serious,  and,  for  this  condition, 
forms  one  of  the  strongest  arguments  against,  not  for,  pressure- 
ventilation. 

Nos.  10  and  11  have,  in  my  judgment,  no  practical  impor- 
tance. 

"  C.  Against  Plain  Exhaust-Vbntilation." 

"  12,  Exhaust-fans  necessitate,  in  winter^  the  daily  removal  of 
ice  from  the  drift-mouthy  or  the  hoisting-shaft^  as  the  case  may  6c." 

This  is  fully  referred  to  under  argument  No.  2. 

"  18.  UzhaustfanSj  in  winter,  make  the  temperature  uncomfort- 
able at  the  head  of  the  hoisting-shaft." 

This  is  more  than  counterbalanced  by  the  fresh  air  and 
freedom  from  smoke,  gases,  and  dust  at  the  foot  of  the  hoisting- 
shaft,  which  should  properly  be  put  among  the  arguments  for 
exhaust-ventilation. 

"  14.  In  shallow  mines,  exhaust-fans  may  draw  into  the  live  work- 
ings considerable  volumes  of  gas  which  would  otherwise  find  their 
way,  through  pillar-breaks,  to  the  surfojce" 

Under  these  conditions  exhaust-fans  will  draw  in  from  the 
surface  considerable  volumes  of  fresh  air,  increasing  the  quan- 
tity in  circulation,  and  decreasing  the  frictional  resistance. 
Within  limits,  this  is  a  decided  advantage. 

"  15.  Exhaust-fans  not  only  keep  much  the  larger  portion  of  the 
haulage-dust  in  the  mine,  but  distribute  it  throughout  the  workings" 

Since  this  argument  received  preponderating  weight  in 
Tables  I.  and  IV.,  for  bituminous  mines,  it  is  unfortunate  that 
<'  lack  of  space  "  precluded  the  adequate  discussion  indicated. 
It  would  have  been  valuable  to  have  had  a  classification  of 
dust  in  respect  to  its  origin  and  position ;  for  it  does  not  seem 
clear  that  the  greater  part  is  "  haulage-dust."  In  fact,  most 
dust-explosions  seem  to  have  started  at  the  face,  and  it  is  at 
least  possible  that  the  dust  due  to  blasting  may  have  been  a 
contributing  cause.     Should  the  blasting-dust  prove  to  be  the 
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controUiag  factor,  of  course  the  argument  is  reversed  to  favor 
exhaust-  instead  of  pressure-ventilation. 

"D.  In  Favor  of  Plain  Exhaust- Ventilation." 

Except  No.  16,  to  which  the  author  properly  gives  no  value, 
all  arguments  in  favor  of  exhaust-ventilation,  which  (I  may 
incidentally  say)  is  the  usual  method  in  the  anthracite-regions, 
appear  only  as  arguments  against  pressure-ventilation ;  and  a 
very  important  argument  in  favor  of  exhaust-ventilation  is  not 
referred  tO: — namely,  the  presence  of  fresh  and  safe  air  at  the 
foot  of  the  hoisting-shaft  or  slope,  giving  a  better  chance  for 
escape  in  case  of  accident  or  explosion,  and  permitting  ade- 
quate lighting  at  this  most  important  point. 

Nos.  17  and  18. — Obstructed  ventilation,  involving  the  use  of 
ventilating-doors  or  their  equivalent  at  the  drift-  or  shaft- 
mouth,  while  not  fatally  objectionable  in  drifts-workings,  pre- 
sents, in  shaft-  or  slope-hoisting,  a  problem  so  serious  that  no 
engineer  would  be  warranted  in  using  the  method  except  as  a 
temporary  expedient. 
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Conservation  of  Natural  Resources. 

Diicuwion  of  the  paper  of  James  Douglai,  presented  at  the  New  Haren  meeting, 
Febrnary,  1909,  and  published  in  BuUeiin  No.  29,  May,  1909, 

pp.  439  to  451. 

James  Douglas,  New  York,  N.  T.  (communication  to  the 
Secretary*) : — In  my  paper  on  the  Conservation  of  Natural 
Resources,  I  referred  to  the  slow  replacement  of  bee-hive  ovens 
by  the  by-product  ovens  as  a  most  notable  instance  of  waste. 
And  I  quoted  from  Mr.  Parker's  report  for  1906  an  expla- 
nation given  by  him  in  accounting  for  the  small  production  of 
by-product  coke.  It  was  that  the  markets  for  the  by-products 
of  the  coke-ovens  was  so  limited  that  some  of  the  ovens  con- 
structed were  out  of  operation.  His  report  on  the  manufacture 
of  coke  in  1908^  does  not  record  an  improvement,  and  attributes 
the  strange  fact  that  we  alone,  of  all  the  [industrial  peoples, 
delay  the  adoption  of  this  cardinal  improvement  from  the  con- 
tinuance of  the  same  almost  inexplicable  cause.  To  quote  again 
from  his  report,  he  says  (p.  241) : 

'*The  year  1908  was  not  marked  by  any  notable  gain  in  the  construction  of  by- 
product coking  plants,  though  some  new  work  was  done.  There  was  a  net  increase 
of  115  in  the  number  of  completed  ovens  in  1908  over  1907,  the  totals  for  the  two 
years  being,  respectively,  3,892  and  4,007.  The  additional  equipment  consisted 
of  140  Koppers  regenerative  ovens  built  at  Joliet,  ID.,  by  the  United  States  Steel 
Corporation,  but  this  increase  was  partly  offset  by  the  dismantling  of  25  Semet- 
Solvay  ovens  at  Sharon,  Pa.,  the  net  gain  being  115  ovens.  Included  in  the  total 
of  4,007  completed  ovens  in  1908  are  152  Newton-Chambers  ovens  at  Vintondale, 
Pa. ,  but  as  no  recovery  of  by-products  was  made  at  this  plant  in  1908,  the  produc- 
tion of  coke  is  included  with  that  from  beehive  ovens.  The  56  ovens  of  tbe  same 
type  at  Pocahontas,  Va.,  have  not  been  in  practical  operation  since  they  were  first 
installed.  In  addition  to  these  there  was  one  other  by-product  plant  of  120  ovens 
that  was  not  operated  during  the  year.  The  number  of  retort  ovens  producing 
coke  in  1908  was  3,679,  as  compared  with  3,811  active  ovens  in  1907.'* 

In  describing  the  anomaly  he  says  (p.  249) : 

**  It  has  been  contended  that  the  development  of  the  by-product  coking  indus- 
try would  have  shown  more  rapid  progress  if  markets  for  the  by-products  were 

*  Keceived  Feb.  2,  1910. 

*  Mineral  Besources  of  the  United  States  for  1908,  Part  II.,  V.  S.  Geological  Sur- 
vey (1909). 
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assured.  This  pertairu  easeatialljr  to  the  coal  tar  and  its  products,  as  there  is  no 
difficulty  in  disposing  of  the  surplus  gas,  and  there  is  practically  at  all  times  a 
fair  demand  for  ammonia.  As  to  the  ooal  tar,  the  total  value  of  this  by-product 
from  retort  ovens  at  first  hand  in  1908  was  $1,007,613.  The  value  of  the  coal- 
tar  products  imported  into  this  country  in  1908,  including  duty  paid,  was 
$8,500,406.  The  values  in  all  cases  of  imports  are  at  point  of  shipment,  and 
do  not  include  ocean  freights,  commissions,  and  other  expenses.  It  is  probable 
that  these  importations  have  reached  the  consumer  at  a  total  cost  of  not  less 
than  $12,000,000,  and  in  the  three  preceding  years  the  oust  probably  reached 
$15,000,000." 

These  coal-tar  products,  however,  which  are  imported  into 
the  United  States  at  such  a  heavy  figure,  are  all  chemical  ex- 
tracts from  coal-tar,  such  as  salicylic  acid,  aniline  dyes,  and 
^.Ikalinc  salts,  the  manufacture  of  which  has  passed  in  great 
measure  into  German  hands.  Some  peculiar  attribute  of  the 
German  temper,  and  the  thorough  character  of  their  technical 
educational  methods,  have  given  them  a  monopoly  of  this  deli- 
cate branch  of  the  chemical  industry.  Even  England,  where 
originated  the  manufacture  of  the  coal-tar  products,  and  where 
the  first  patents  were  taken  out,  has  been  unable  to  compete 
with  her  more  precise  and  painstaking  rival. 

As  the  utilization  of  the  tars  is  therefore  the  function  of  the 
chemical  manufacturer,  and  the  production  of  the  crude  mate- 
rial alone  falls  to  the  coke-maker,  the  one  industry  must  keep 
pace  with  the  other  if  progress  along  either  line  is  to  be  made. 
As  the  profits  of  certain  European  coking-plants  collecting  the 
by-products  are  generally  supposed  to  be  from  $0.75  to  $1.25 
per  ton  of  coke  on  the  by-products  alone,  it  would  seem  as 
though  capital,  skill,  and  science  could  not  be  more  profitably 
employed  in  the  United  States  than  in  removing  this  crying 
disgrace  by  turning  the  waste  products  from  our  coking  estab- 
lishments to  such  profitable  use. 

With  regard  to  what  will  happen  in  the  distant  future  when 
our  coal-supply  is  exhausted,  Dr.  Robert  Thomas  Moore,  in  his 
presidential  address^  before  the  Institution  of  Mining  Engineers 
in  London  on  May  27,  1909,  says  (p.  455) : 

''Whether,  indeed,  it  is  a  profitable  matter  to  attempt  to  imagine  the  state  of 
Britain  300  years  after  this,  with  its  ooal  exhausted,  or  a  world,  say,  200  jears 
later  when  it  is  all  finished,  is  open  to  question.  It  is  certainly  beyond  the  scope 
or  the  objects  of  the  Institution. 

'  Tramaeiions  of  the  fn^tUatioa  of  Mining  Eigineen,  vol.  xwvii.  (190J-09). 
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"  I  do  not  think  it  commends  itself  as  an  economic  principle  to  restrict  in  any 
way  the  legitimate  development  of  our  mineral  resources.  They  are  a  source  of 
wealth  to  ourselYes,  and  we  are  helping  to  develop  the  world.  Is  it  not  more 
reasonable  to  trust  to  the  progress  of  science  to  discover  some  fresh  method  o^ 
utilizing  the  resources  of  nature  to  provide  a  substitute?  Who  would  have  ez* 
pected,  even  30  years  ago,  the  immense  possibilities  for  distributing  light  and 
heat  and  power  that  the  development  of  electricity  has  opened  up?  We  have  the 
forces  of  the  rainfall,  the  wind,  and  the  tides  to  utilize  to  the  utmost.  We  may 
even  get  our  heat  and  power  direct  from  the  sun ! 

**  Those  who  come  after  us  have  a  long  time  in  which  to  consider  the  problem, 
and  we  may  safely  leave  it  to  them  to  solve  in  their  own  way. 

*'  But  that  of  which  we  should  be  careful  is,  that  we  should  use  our  coal  in  the 
best  possible  manner — ^that  in  the  working  of  it  and  in  the  using  of  it  there  should 
be  no  waste,  either  of  men,  of  material,  or  of  treasure  ;  and  it  is  the  duty  of  an 
Institution  such  as  ours  to  afford  every  aid  to  the  presentation  of  any  plan  which 
will  further  the  attainment  of  these  objects." 

His  remarks  upon  the  ever-increasing  consumption  of  coal, 
despite  the  eflforts  of  the  engineer  to  economize,  are  worthy  of 
quotation.     He  says  (p.  453) : 

'' It  is  a  striking  fact  that  notwithstanding  all  the  improvements  which  have 
been  introduced  to  economise  coal  in  the  various  industries,  the  total  consumption 
has  gone  on  increasing.  It  seems  as  if  the  greater  the  economy  becomes  the  larger 
is  the  consumption. 

**  There  have  been  atmospheric  engines.  Watt's  condensing  engines,  high-pres- 
sure engines,  compound  engines,  triple-  and  quadruple-expansion  engines,  tur- 
bines, and  gas-engines,  each  being  an  improvement  on  its  predecessor,  until  the 
coal  consumed  per  horsepower  per  hour  has  been  reduced  from  over  10  pounds  to  f 
pound  ;  the  methods  of  iron-smelting  have  been  improved  until  the  amount  of 
fuel  used  has  been  reduced  from  8  tons  per  ton  of  pig-iron  to  considerably  under 
2  tons  ;  the  processes  for  the  manufacture  of  gas  have  been  improved  ;  and  the 
whole  history  of  the  century  has  been  a  long  series  of  savings  in  fuel.  Yet  the 
total  consumption  goes  on  steadily  increasing.  It  would  seem  that  the  more  the 
cost  of  power  is  cheapened,  the  more  are  the  purposes  for  which  it  becomes  avail- 
able." 
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Genesis  of  the  Lake  Valley,  New  Mexico,  Silver-Deposits. 

Continued  diBCUflrion  of  the  paper  of  Charles  R.  Eeyesi  TVana.,  zxxiz.,  pp.  189  to 
169,  850  to  856,  and  BulUHn  No.  34,  October,  1909,  pp.  945  to  947. 

• 

Charles  R.  Keybs,  Des  Moines,  Iowa  (communication  to 
the  Secretary*): — It  is  with  pleasure  that  I  acknowledge  the 
value  and  interest  of  the  historical  notes  on  early  mining  at 
Lake  Valley,  contributed  by  Messrs.  MacDonald  and  Courtis. 
In  my  own  paper  there  was  no  attempt  to  enter  into  this  phase 
of  the  subject;  partly  for  reason  that  the  intention  ivas  to  take 
up  this  in  detail  in  another  connection,  partly  because  there 
was  not  space  enough  to  devote  to  it  in  a  brief  geologic  paper, 
and  partly  on  account  of  the  fact  that  the  strictly  mining 
features  are  quite  distinct  from  the  purely  geologic  character- 
istics. 

As  may  be  inferred  from  its  perusal,  the  brief  historical 
paragraph  prefacing  my  paper  was  in  reality  geologic  in  its 
bearing.  The  events  referred  to  therein  relate  to  the  published 
information  concerning  the  geologic  structure.  The  person- 
ages principally  mentioned  were  noted  merely  to  show  how 
the  names  of  several  of  our  most  distinguished  scientists  came 
to  be  closely  associated  with  that  of  Lake  Valley. 

Far  from  my  intentions  was  it  to  slight  the  memory  of  any 
of  that  brave  baud  who,  with  lives  in  their  hands,  took  so 
active  a  part  in  the  early  development  of  the  mines.  The 
value  of  their  records  is  perhaps  much  greater  than  that  of  any 
published  notes.  The  narratives  of  Messrs.  MacDonald  and 
Courtis  are  as  thrilling  as  many  other  experiences  related  of 
that  time  and  place.  Few  of  us  at  the  present  time  can  appre- 
ciate the  dangers  of  that  early  day,  when  the  fierce  Apache  all 
but  swept  the  white  man  from  that  part  of  the  country,  when 
renegades  from  Texas  overran  the  land,  and  when  the  outlaws 
of  the  nations  took  their  last  stand  before  advancing  civiliza- 
tion. In  marked  contrast  do  we  to-day  reach  Lake  Valley  by 
means  of  the  "  iron  horse";  and  out  of  a  luxurious  Pullman 

*  Received  Jan.  10,  1910. 
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palace-car  literally  step  directly  into  the  famous  Bridal  Cham- 
ber of  the  Grande  mine. 

We  are  greatly  indebted  to  Messrs.  MacDonald  and  Courtis, 
especially  since  their  accounts  clear  up  certain  hitherto  obscure 
relationships  of  the  various  workers  in  the  camp.  At  this  dis- 
tant day  the  spoken  records  are  apt  to  be  dimmed  and  inaccu- 
rate. At  the  same  time,  by  other  authenticated  records,  features 
are  presented  from  an  entirely  different  view-point.  From  all,  a 
tolerably  complete  picture  is  obtained  of  the  events  during  the 
most  strenuous  period  of  the  Southwestern  country.  In  the 
near  future  I  hope  to  present  some  of  the  salient  historical 
features  of  New  Mexican  mining.  Lake  Valley  bears  an  im- 
portant part. 


[2] 
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The  Cyaniding  of  Silver-Ores  in  Mexico. 

DiflcuflBion  of  the  paper  of  Albert  F.  J.  Bordeaux,  presented  at  the  Spokane 
meeting,  September,  1909,  and  published  in  Bulletin  No.  37, 

January,  1910,  pp.  51  to  62. 

Herbert  A.  Megraw,  San  Laisde  la  Paz,  Guanajuato,  Mex. 
(communication  to  the  Secretary*)  : — Although  Mr.  Bordeaux 
prefaces  his  paper  with  the  statement  that  it  is  a  general  out- 
line of  practice  in  the  Republic,  many  of  his  statements  seem 
to  be  made  from  the  view-point  of  a  particular  case,  which  does 
not  always  agree  with  general  practice.  For  the  purpose  of 
calling  attention  to  some  of  these  variations,  I  respectfully  oflfer 
the  following  comments : 

The  operation  of  crushing  and  grinding  is  performed  by  so 
many  different  methods  and  systems  that  it  is  useless  to  select 
any  one  as  the  standard.  However,  primary  crushing  in  rock- 
breakers  followed  by  stamps  is  thus  far  so  general  that  it  might 
be  so  classified.  Whether  or  not  it  is  the  best  way  is  open  to 
question.  Regrinding  may  be  performed  by  any  of  the  various 
types  of  Chilean  mills,  Huntington  mills,  or  similar  machines, 
or  the  material  may  be  taken  directly  from  the  stamps  and  de- 
livered to  the  tube-mills. 

Mr.  Bordeaux's  statement  that  ^^  the  slimes  can  be  treated 
only  by  decantation ;  the  new  Butters  slime-filter,  as  used  in 
Nevada,  does  not  seem  to  be  successful  with  silver-ores,"  is 
surely  an  error.  All  over  Mexico  many  of  the  purely  silver-ores 
are  being  successfully  handled  by  the  Butters  or  similar  filters, 
such  as  the  Moore  and  the  Burt  filters,  and  a  letter  to  the 
manufacturers  of  these  filters  will  undoubtedly  bring  a  list  of 
the  silver-ores  now  being  successfully  treated  in  this  way. 

The  statement  that  crushing  silver-ores  in  solution  is  impos- 
sible is  equally  erroneous.  Most  modern  mills  crush  the  ore 
in  solution,  in  some  cases  containing  as  much  as  0.12  per  cent, 
of  KCN.  I  cannot  for  the  moment  recall  any  modern  mill  in 
Mexico  which  does  not  follow  this  practice.     There  may  be 

»  Received  Feb.  2,  1910. 
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some  reason  for  it  in  particalar  instances,  but,  generally  speak- 
ing, the  practice  is  to  crash  in  solution.  Care  in  installation 
avoids  any  mechanical  loss  of  cyanide,  and  the  chemical  loss  is 
so  small  as  to  be  negligible. 

The  method  of  treating  sands  as  indicated  by  Mr.  Bordeaux — 
namely,  first  a  weak  wash,  then  strong  washes,  and  finally 
another  weak  wash — seems  to  me  to  be  best  adapted  to  par- 
ticalar instances  in  which  it  is  necessary  to  avoid  large  chemi- 
cal-consumption. The  general  practice  is  to  use  the  strong 
solution  immediately  after  draining  the  tanks  of  their  filling 
solution,  and  to  follow  with  the  weak  washes. 

The  statement  that  the  new  Pachuca  tank  treats  sand  and 
slime  together  seems  to  me  to  require  some  modification,  since 
it  is  only  true  when  the  sand  has  been  so  finely  ground  that  it 
may  be  fairly  easily  kept  in  suspension  by  the  agitating-power 
of  the  compressed  air.  So  far  as  I  am  aware,  no  attempt  has 
been  made  to  agitate  coarse  sand.  The  cost  of  power  and 
treatment  would  preclude  economical  results. 

The  costs  given  for  crushing  and  sand-treatment,  $4.50  II.  S. 
currency,  seem  abnormally  high.  Referring  to  Ferdinand  Mc- 
Cann's  book,^  in  which  costs  are  given  for  many  large  mills 
in  Mexico,  this  cost  seems  to  be  about  half  the  amount  stated 
by  Mr.  Bordeaux,  and  in  some  cases  even  less. 

At  Guanajuato,  the  use  of  stationary  air-pipes  in  the  bottom 
of  the  tank  for  agitating  slime-charges  has  been  discontinued 
for  more  than  a  year. 

The  reference  to  the  new  tanks  at  Pachuca  as  "  Grothe " 
tanks  is  apparently  an  error,  unless  eome  new  development  has 
taken  place.  The  general  description  answers  to  that  of  the 
Brown  or  Pachuca  tank,  which  was  invented  and  used  first  in 
New  Zealand,  and  first  introduced  in  Mexico  at  Pachuca.  The 
patentee  of  the  tank  is  represented  in  Mexico  by  the  firm  of 
Grothe  &  Carter,  of  which  firm  Mr.  Grothe  is  the  head.  Prob- 
ably the  name  Mr.  Bordeaux  uses  was  derived  in  this  way.  Mr. 
Bordeaux  neglects  to  state  by  what  means  the  clear  solution  is 
decanted  from  the  Pachuca  tank. 

In  comparing  the  advantages  of  shipping  bars  or  precipitates, 
Mr.  Bordeaux  has  received  the  impression  that  the  government 


^  Berufieio  de  MeUdea  se  Plata  yOro  por  Oanvraeum  (1909). 
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tax  is  higher  on  bars,  thus  making  it  advantageous  to  ship  pre- 
cipitates. This  is  an  error,  as  I  am  reliably  informed  that  the 
government  tax  is  levied  on  the  metal-content  of  any  product, 
and  is  thus  the  same  on  gold  and  silver  whether  in  the  shape 
of  bars  or  contained  in  precipitates,  concentrates,  or  ores.  This 
apparently  gives  the  advantage  to  the  bars,  since  less  weight 
has  to  be  transported. 


[3] 
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The  Nicola  Valley  Coal-Pield,  British  Columbia. 

POSTSCRIPT. 

BY  MILNOR  ROBERTS,  SEATTLE,  WASH. 
(Spokane  Meeting,  September,  1909.) 

Postscript  (Mar.  16,  1910). — The  daily  production  of  coal 
in  the  Nicola  valley  has  increased  somewhat  during  the  past 
winter  and  development-work  has  continued.    The  coal  appears 
to  be  suited  to  the  use  of  the  coal-cutting  machines  that  were 
installed  last  fall.     The  railroad  situation  has  improved  mate- 
rially, largely  as  a  result  of  the  election  held  in  November. 
The  provincial  government  of  British  Columbia  has  given  aid  to 
the  construction  of  the  Nicola  branch  of  the  Canadian  Pacific  rail- 
way southeastward  from  Nicola  through  Penticton  to  Midway, 
the  present  terminus  of  the  branch  leading  from  the  east.    The 
Vancouver,  Victoria  k  Eastern  Railway  &  Navigation  Co.  has  let 
contracts  to  extend  the  road  on  the  western  side  of  the  Cascade 
mountains  from  Abbotsford  to  a  point  near  Hope,  and,  on  the 
eastern  side,  from  Princeton  to  Otter  Flat,  leaving  a  gap  of  about 
60  miles  to  be  completed  across  the  summit  of  the  range  east 
of  Hope.   Regarding  the  Canadian  Northern  railway,  bonds  to 
the  amount  of  $35,000  per  mile  have  been  voted  for  its  con- 
struction from  Vancouver  up  the  Fraser,  Thompson,  and  North 
Thompson  rivers  to  Yellowhead  pass.      Right-of-way,  town- 
sites,  and  timber  for  construction  purposes  have  been  granted 
free  wherever  the  road  traverses  crown  lands.     The  southern 
branch  of  the  Qrand  Trunk  Pacific  now  seems  likely  to  follow 
a  route  considerably  west  of  Nicola  valley. 


General  References  :  RtpoH  on  the  Mining  ani  Mitallnrgieal  IndnAtrUs  of  Canada 
1907-8,  pp.  260  to  271.     Canada,  Department  of  Mines,  Mines  Branch,  Ottawa 
(1909). 

Annucd  Report  of  the  Minister  of  Mines,  British  Colambiay  for  1905,  pp.  J 196  to 
J201.     Victoria,  B.  C.     See  also  reports  for  later  years. 

Swnmvy  Reports  of  Geological  Survey  Branch  of  Department  of  Mines,  for  1904 
and  later  years.     Ottawa. 
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8ECTI0H  I.-nrSTirTTTE  AHHOTTHCBMEVTS. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute,  but  not  always  of  sufficient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Tran^ctions. 


SBCTIOH  n.-TECHVICAL  PAPERS  AHD  BISOmSIOHS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents.  They  have  been  so  printed  and 
arranged  (blank  pages  being  left  when  necessary)  that  they 
can  be  separately  removed  for  classified  filing,  or  other  inde- 
pendent use. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  II.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  '^  Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  ear- 
nestly invited. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Struthers,  Assistant  Secre- 
tary and  Editor,  29  W.  39th  St.,  New  York,  N.  Y.  (Telephone 
number  4600  Bryant). 


OFFICERS. 

For  the  year  ending  February,  igii. 

COUNCIL* 

President  of  the  Couvciii. 

D.  W.  BRUNTON Dei^veb,  Colo. 

(Term  expire*  February,  1911.) 

Vicb-Presidentb  of  the  Council. 

W.  C.  RALSTON San  Fbancibco,  Cal. 

W.  L.  SAUNDERS New  York,  N.  Y. 

H.  V.  WINCHELL St.  Paul,  Mnrar. 

(Term  expires  February,  1911.) 

BENJAMIN  B.  LAWRENCE New  York,  N.  Y. 

JOSEPH  W.  RICHARDS South  Bethlehem,  Pa. 

ALBERT  SAUVEDR Cambridge,  Mabb. 

(Term  expires  February,  1912.) 

Councilors. 

ARTHUR  a  DWIGHT New  York,  N.  Y. 

R  V.  NORRIS Wilkeb-Barrb,  Pa. 

WILUAM  H.  SHOCKLEY Tonopah,  Nev. 

(Term  expires  February,  1911.) 

ttAiRLEILERS J^bw  York,  N.  Y. 

ALEX.  C.  HUMPHREYS New  York,  N.  Y. 

W.G.. MILLER Toronto,  Canada. 

(Term  expires  February,  1912.) 

ROBERT  E.  JENNINGS New  York,  N.  Y. 

WII^IAM  KELLY Vulcan,  Mich. 

CHARLES  F.  RAND New  York,  N.  Y. 

(Term  expires  February,  191S.) 

Secretary  of  the  Council. 

».  W.  RAYMOND,  29  W.  39th  St New  York,  N.  Y. 

(Term  expires  February,  1911.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHERS New  York,  N.  Y. 

CORPORATION. 

'    JAMES  GAYLEY,  President ;  JAMES  DOUGLAS,  Vice-Preaident ; 
R.  W.  RAYMOND,  Secretary ;  FRANK  LYMAN,  Treasurer  ; 
JOSEPH  STRUTHERS,  Assistant  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX. 

(Term  expires  February,  1911.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R.  W.  RAYMOND. 

(Term  expires  February,  1912.) 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 

(Term  expires  February,  1913.) 

Onsulting  Attorneys,  Blair  &  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note. — ^The  Council  is  the  professional  body,  haying  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  (corporation,  and  is  there- 
lore,  for  convenience,  composed  of  members  residing  in  New  York. 
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INSTITUTE  ANNOUNCEMENTS. 
The  Raymond  Anniversary  Dinner. 

On  the  evening  of  April  80,  a  memorable  tribute  was  given 
to  RoBsiter  Worthington  Raymond,  Ph.D.,  LL.D.,  Vice-Presi- 
dent and  acting  President  of  the  American  Institute  of  Mining 
Engineers  in  1871;  President  in  1872,  1878,  and  1874;  Vice- 
President  in  1876  and  1877;  and  Secretary  sin<5e  1884,  in  the 
form  of  a  dinner  at  the  Plaza  Hotel  in  New  York  City,  in  cele- 
bration of  the  70th  anniversary  (April  27)  of  his  birthday. 
Although  this  celebration  was  originally  proposed  by  members 
of  this  Institute,  it  was  found  impossible  to  limit  it  in  that  way^ 
and  in  response  to  protests  and  demands  from  other  societies 
and  from  individuals,  it  ultimately  became  a  gathering  of  Dr. 
Raymond's  friends.  The  cherished  tradition  of  the  Institute, 
to  include  ladies  at  the  tables  of  its  banquets,  was,  however,  pre^ 
served,  and  of  the  250  present,  about  one-third  were  of  the 
gentler  sex.  Dr.  James  Douglas,  past-President  of  the  Institute, 
presided.  Mr.  E.  G.  Spilsbury,  past-President  of  the  Institute, 
and  Chairman  of  the  Committee,  read  numerous  letters  and 
telegrams  from  all  parts  of  the  United  States  and  abroad,  and 
presented  engrossed  and  illuminated  congratulatory  messages 
from  the  Iron  and  Steel  Institute  and  the  Association  of  Ger- 
man Ironmasters ;  Mr.  Rawlinsou  T.  Bayliss,  Vice-President  ot 
the  Institution  of  Mining  and  Metallurgy  (London,  Eng.),  pre- 
sented, with  appropriate  and  graceful  remarks,  the  Gold  Medal 
of  that  Society;  M.  Sorzano  de  Tejada,  delegate  of  the  Society 
of  Civil  Engineers  of  Prance,  presented  the  resolutions  of  the 
Council  of  that  Society  (of  which  Dr.  Raymond  has  been  for 
many  years  an  Honorary  Member).  Dr.  Andrew  Carnegie^ 
Honorary  Member  of  the  Institute  and  past-President  of  the 
Iron  and  Steel  Institute,  and  Mr.  C.  J.  Partington,  Vice-Presi- 
dent of  the  Mining  Society  of  Nova  Scotia,  who  had  expected 
to  be  present,  sent  cordial  messages  of  regret  and  congratulation. 
Addresses  were  made  by  the  Rev.  Lyman  Abbott,  D.D. ;  Mr, 
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Frank  DawBon  Adams,  President  of  the  Canadian  Mining  Insti- 
tute ;  Meissrs.  John  A.  Bensel,  President  of  the  American  Society 
of  Civil  Engineers ;  George  Westinghouse,  President  of  the 
American  Society  of  Mechanical  Engineers ;  Robert  W.  Hnnt, 
past-President  of  the  American  Institute  of  Mining  Engineers; 
and  T.  Commerford  Martin,  past-President  of  the  American 
Institute  of  Electrical  Engineers,  who  spoke  not  only  as  repre- 
sentatives of  their  respective  societies  and  professions,  but  also 
as  personal  friends  of  the  guest  of  the  evening.  A  peculiarly 
beautiftil  feature  of  the  programme  was  the  address  to  Mrs. 
Raymond  by  Mr.  W.  L.  Saunders,  Vice-President  of  our  Insti- 
tute, accompanied  with  47  "American  Beauty"  roses,  one  for 
each  year  of  hel:  married  life.  Dr.  Douglas  followed  with  felici- 
tous remarks,  leading  up  to  the  dramatic  climax  of  the  even- 
ing. At  his  signal,  a  clever  paste-board  imitation  of  a  Western 
mountain,  with  surface-indications  of  mine-buildings,  hoisting- 
inachinery,  tramways,  etc.,  parted  in  the  middle,  as  by  a  peace- 
ful earthquake,  and  disclosed  a  magnificent  silver  table-service, 
which  was  presented  to  Dr.  and  Mrs.  Raymond. 

A  few  brief  but  affecting  remarks  from  Dr.  Raymond  termi- 
nated the  exercises. 

It  is  understood  that  the  Committee  in  charge  of  this  dinner 
intends  to  print  and  send  to  each  participant  a  full  account  of 
the  proceedings,  including  a  report  of  the  various  addresses. 


Canal  Zone  Meeting. 

As  already  announced  in  Circular  No.  2  from  the  office  of 
the  Secretary,  dated  April  20,  1910,  the  Council  has  authorized 
a  meeting  of  the  Institute  to  be  held  next  autumn  in  the  Canal 
Zone.  The  following  letter  from  the  President  of  the  United 
States,  together  with  unofficial  communications  from  Colonel 
Goethals,  the  Engineer  in  Charge,  assures  the  Institute  of  a 
cordial  reception  and  a  profitable  as  well  as  delightful  excursion : 

THE  WHITE  HOUSE. 

Washikoton,  April  12, 1910. 

My  Dtar  Sir :  Ebtving  been  informed  that  the  Council  of  your  Inedtute  is  con- 
sidering  the  advisability  of  holding  an  excursion  meeting  in  the  Canal  Zone  in 
the  autumn  of  this  year,  it  gires  me  great  pleasure  to  express  my  personal  hope 
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that  this  plan  be  carried  out  and  I  promiae  to  extend,  on  the  part  of  the  adminis- 
tration,  a  cordial  welcome  to  the  Inatitate  and  everj  practical  co-operation  with 
the  object  of  their  visit 

Trusting  that  your  members  will  find  both  time  and  opportunity  to  make  a 
study  of  the  conditions  under  which  this  work  is  carried  on,  the  rate  of  progress 
which  is  now  being  attained  and  the  immense  value  of  the  undertaking  to  the 
people  of  this  country,  I  am. 

Sincerely  yours, 

(Signed)  Wm.  H.  Taft. 
Db.  B.  W.  Baymond,  Secretary, 
American  Institute  of  Mining  Engineers, 
29  West  89th  Street,  New  York. 

Concerning  this  meeting,  the  following  preliminary  state- 
ment is  offered : 

1.  The  party  will  leave  New  York  about  the  beginning  of  November ;  the  trip 
will  occupy  between  three  and  four  weeks ;  and  the  cost  to  each  passenger  will  be 
about  $200,  covering  hotel-expenses  and  transportation  on  the  Isthmus. 

2.  Besides  the  trip  to  and  from  the  Isthmus,  it  is  proposed  to  include,  among 
other  possible  stops  en  rwiUj  a  visit  to  the  mines  and  works  of  the  Spanish 
American  Iron  Ck>.,  on  the  north  shore  of  Cuba.  It  is  probable  that  other  points, 
such  as  Havana,  Kingston,  etc,  will  be  touched.  But  information  as  to  all  these 
details  can  be  given  only  after  the  reception  from  members  of  the  return  cards 
sent  with  the  circular  has  permitted  the  making  of  definite  arrangements. 

3.  According  to  present  information,  the  number  of  members  and  guests  (in- 
cluding ladies)  who  can  be  transported  at  the  rate  stated  above  is  150.  This 
number  can  be  accommodated  upon  one  of  the  regular  Hamburg-American 
steamers,  if  ample  notice  be  given  in  advance  to  secure  reserved  rooms. 

Members  who  contemplate  taking  the  trip,  and  have  not  yet 
notified  the  Secretary,  are  requested  to  indicate  without  delay 
their  intention  concerning  the  Canal  Zone  meeting.     To  those 

replying  in  the  affirmative  special  circulars  will  be  subsequently 
sent  concerning  all  necessary  details ;  and,  if  the  number  ot 
members  and  guests  thus  indicated  should  exceed  150  (with- 
out amounting  to  an  aggregate  so  large  as  to  require  an  en- 
tirely new  arrangement),  the  following  order  of  preference  will 
be  observed : 

Up  to  May  15,  preference  will  be  given  to  members  in  the 
order  of  the  date  of  their  applications ;  then  to  guests  of  mem- 
bers in  like  order,  one  guest  for  each  member  having  pref- 
erence if  the  accommodations  are  overcrowded;  after  May  16, 
both  members  and  guests  in  the  order  of  application. 
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International    Congress    for    Mining,  Metallurgy, 
Applied  Mechanics,  and  Practical  Geology, 

Diisseldorf,  June»  1910. 

A  full  account  of  the  organization  of  the  Congress,  includ- 
ing rules  of  membership,  classification  of  papers,  time  of  pres- 
entation, length,  etc.,  will  be  found  in  BuUetin  No.  87,  January, 
1910;  and  a  detailed  list  of  the  papers  to  be  presented,  together 
with  the  program  of  the  visits  and  excursions,  was  printed  in 
BuUetin  No.  40,  April,  1910. 

A  recent  circular  from  the  Secretary  of  the  Congress,  Dr. 
E.  Schroedter,  advises  that  the  number  of  applications  for  mem- 
bership up  to  Feb.  1, 1910,  had  reached  the  very  satisfactory 
total  of  750,  of  which  one-third  was  from  foreign  countries. 
Prom  this  excellent  showing  at  so  early  a  date  before  the  meet- 
ing it  is  reasonable  to  expect  that  there  will  be  a  large  attend- 
ance at  the  meeting. 

The  official  representatives  of  the  Institute  at  the  Congress 
are  Mr.  Charles  Kirchhoff,  past-President,  and  Mr.  Edward  W. 
Parker,  past-Councilor,  who  are  authorized  to  express  on  that 
occasion  the  cordial  greetings  of  the  Institute  to  its  professional 
colleagues  beyond  sea. 


Meetings  of  Other  Societies. 

The  American  Society  of  Mechanical  Engineers, — ^The  Spring 
Meeting  of  the  American  Society  of  Mechanical  Engineers  will 
be  held  at  the  Marlborough-Blenheim  Hotel,  Atlantic  City, 
May  31  to  June  8,  1910. 

The  Local  Committee,  under  the  chairmanship  of  James  M. 
Dodge,  past-President  American  Society  Mechanical  Engineers, 
President  of  the  J.  M.  Dodge  Co.,  Philadelphia,  Pa.,  is  arrang- 
ing for  the  entertainment  of  those  in  attendance. 

On  Thursday  evening,  June  2,  Honorary  Membership  will 
be  conferred  upon  Rear-Admiral  George  W.  Melville,  XT.  S.  IST., 
Ret.,  and  a  brief  address  will  be  made  by  Admiral  Melville. 

The  Meetings  Committee  has  provided  for  professional 
sessions  on  Machine  Construction  and  Operation,  Gas  Power, 
Power  Transmission  and  Miscellaneous  Subjects,  with  papers 
on  The  Shockless  Jarring  Machine,  by  Wilfred  Lewis ;  A  Com- 
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parison  of  Lathe  HeadBtock  Characteristics,  by  Prof.  Walter 
Bautenstrauch ;  The  Strength  of  Punch  and  Riveter  Frames 
made  of  Cast  Iron,  by  Prof.  A.  L.  Jenkins ;  Improved  Methods 
in  Finishing  Stay  Bolts  and  Straight  and  Taper  Bolts  as  Used 
in  Locomotives,  by  C.  K.  Lassiter ;  The  Mechanical  Engineer 
and  the  Textile  Industry,  by  H.  L.  Gantt;  The  Elastic  Limit 
of  Manganese  and  other  Bronzes,  by  J.  A.  Capp ;  The  Hydro- 
static Chord,  by  R.  D.  Johnson;  The  Resistance  of  Freight 
Trains,  by  Prof.  Edw.  C.  Schmidt;  A  Regenerator  Cycle  for 
Gas  Engines  Using  Sub-Adiabatic  Expansion,  by  Prof.  A.  J. 
Frith ;  Gas  Engines  for  Driving  Alternating  Current  Genera- 
tors, by  H.  G.  Reist ;  Two  Proposed  Units  of  Power,  by  Prof. 
Wm.  T.  Magruder;  Some  Operating  Experiences  with  a  Blast- 
Furnace  Gas  Power-Plant,  by  H.  J.  Freyn ;  Improvements  in 
Lineshaft  Hangers  and  Bearings,  by  Henry  Hess;  Experi- 
mental Analysis  of  a  Friction  Clutch  Coupling,  by  Prof.  Wm. 
T.  Magruder;  An  Improved  Absorption  Dynamometer,  by 
Prof.  C.  M.  Garland ;  and  Critical  Speed  Calculation,  by  S.  H. 
Weaver. 

American  Institute  of  Electrical  Engineers. — The  annual  meet- 
ing of  the  American  Institute  of  Electrical  Engineers  will  be 
held  in  the  auditorium  of  the  Engineering  Societies  Building, 
33  West  39th  Street,  New  York  City,  on  Tuesday,  May  17, 
1910.  In  addition  to  the  business  transacted,  a  paper  will  be 
presented  by  John  W.  Howell,  Engineer,  Lamp  Works,  Gen- 
eral Electric  Co.,  Harrison,  N.  J. 

A  special  meeting,  under  the  auspices  of  the  Railway  Com- 
mittee, will  be  held  in  the  auditorium  of  the  Engineering 
Societies  Building,  on  Friday  evening.  May  27,  1910.  The 
following  papers  will  be  presented :  The  Application  of  Porce- 
lain to  Strain  Insulators,  by  W.  H.  Kemp  ton ;  Electric  Railway 
Overhead  Construction,  by  W.  N.  Smith. 

Society  for  the  Promotion  of  Engineering  Education. — The  annual 
meeting  of  the  Society  &r  the  Promotion  of  Engineering  Edu- 
cation will  be  held  at  Madison,  Wis.,  on  Thursday,  Friday  and 
Saturday,  June  23,  24  and  25.  An  attractive  program  has  been 
arranged  |for  the  meeting.  Among  the  most  important  items 
are  the  reports  of  the  Committees  on  Entrance  Requirements 
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and  Engineering  Mathematics,  which-  will  be  presented  for 
final  action.  Copies  of  the  reports  in  fnll  will  be  distributed 
to  the  membership  some  weeks  in  advance  of  the  meeting. 
Technical  Edncation  Abroad,  Inspection  Trips  for  Technical 
Students,  Efficiency  in  Technical  Education,  and  other  topics 
will  be  presented  for  discussion.  Full  information  regarding 
the  meeting  and  the  general  work  of  the  Society  can  be  secured 
from  Prof.  H.  H.  Norris,  Cornell  University,  Ithaca,  N.  Y. 

Members  of  the  American  Institute  of  Mining  Engineers  are 
cordially  invited  to  attend  these  meetings. 


How  to  Use  the  ''Transactions''  of  the  Institute. 

Buy  a  copy  of  the  Oomplete  Analytical  and  Alphabetical  Index  of 
Volumes  I.  to  XXXV.^  inclusive. 

If  you  own  a  full  set  of  the  Transactions^  this  Index  will  make 
the  whole  of  it  instantaneously  available  without  detailed  re- 
search into  each  volume  separately. 

If  you  do  not  own  such  a  set,  this  Index  will  be  even  more 
valuable,  for  it  will  show  you  what  particular  papers  you  need 
to  know  more  about,  and  perhaps  to  study.  Thus,  any  person 
possessing  this  Index  can  ascertain  at  once  what  has  been  pub- 
lished in  the  Transactions  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still 
to  be  had  in  pamphlet  form,  where  it  can  be  consulted  in  a 
public  library,  at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  Iransac- 
tionsj  this  Index  will  be  a  great  convenience ;  but  to  those  who 
do  not,  it  will  be  a  professional  necessity. 

This  volume  is  an  octavo  of  706  pages,  containing  more  than 
60,000  entries,  duly  classified  with  sub-headings,  and  including 
abundant  cross-references.  It  has  not  been  stereotyped,  and 
the  edition  is  limited  to  1,600  copies.  The  price  of  the  volume, 
bound  in  cloth,  is  f  6,  and  bound  in  half-morocco  to  match  the 
Transactions^  f6.  The  delivery  charges  will  be  paid  by  the 
Institute  on  receipt  of  the  above  price. 
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Hydrographic  Chart. 

Owing  to  the  great  value  to  hydrographers  of  the  chart  con- 
tained in  the  paper,  A  Graphic  Solution  of  Kutter's  Formula, 
by  L.  J.  HewcB  and  Joseph  W.  Roe  (BuUetin  No.  29,  May, 
1909,  p.  464),  a  special  edition  for  office  or  field  use  has  been 
printed  on  durable  cloth.  Copies  of  this  separate  chart  may 
be  obtained,  at  a  cost  of  60  cents  each,  on  application  to  the 
office  of  the  Secretary  of  the  Institute. 


xii  MoNTHLT  Bulletin,  No.  41,  Mat,  1910. 


LIBRARY. 

Ambrican  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

The  libraries  of  the  above-named  Societies  are  open  from 
9  A.M.  to  9  P.M.  on  all  week-dajs,  except  holidays,  from  Septem* 
ber  1  to  June  80,  and  from  9  a.m.  to  6  p.m.  during  July  and 
August. 

BULE8. 

For  the  protection  and  convenience  of  members,  the  follow- 
ing rules  have  been  adopted : 

The  Secretary  of  each  Society  will,  upon  application,  issue 
to  any  member  of  his  Society  in  good  standing  a  personal,  non- 
transferable card,  entitling  him  to  the  use  of  the  Libraries  in 
the  alcoves  of  the  Reading-Room.  This  card  must  be  signed 
by  the  person  receiving  it,  and  surrendered  at  the  desk  at 
the  time  of  its  presentation.  At  every  visit  he  must  identify 
himself  by  signing  his  name  in  the  registry. 

The  first  two  alcoves  are  free  to  all ;  and  admission  to  the 
inside  alcoves  is  given  only  upon  proper  introduction. 

The  above  rules  apply  to  all  persons  except  officers  of  the 
three  Societies,  personally  known  as  such  to  the  librarians. 

The  librarians  are  not  permitted  to  lend  to  any  person  any 
catalogued  pamphlet  or  volume,  unless  authorized  in  writing  so 
to  do  by  the  Secretary  or  Chairman  of  the  Library  Committee 
of  the  Society  to  which  the  pamphlet  or  volume  belongs. 

Any  person  discovering  a  mutilation  or  defect  in  any  book 
of  the  libraries  is  requested  to  report  it  to  the  librarian  on  duty. 
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Library  Accessions. 

Apr.  1  to  May  1,  1910. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of  Me- 
chanical Engineers  and  the  American  Institute  of  Electrical  Engineers  can  be 
obtained  on  applicatiop  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.] 

Amebican  Institute  of  Abchitects.  Proceedings  of  Annual  Convention,  4dd, 
1900.    Washington,  1910..    (Exchange.) 

Antigua  Gold-Cofpeb  Company.  Prospectus.  New  Orleans,  n.  d.  (Qift  of 
W.  Beer.) 

Abt  Club  of  PHiiiADSLPHiA.  Charter,  Constitution,  and  By-Laws,  1910. 
Philadelphia,  1910;     (Gift) 

Broken  Hill  South  Silver  Mining  Company.  Beports,  Statements  of  Ac- 
counts, for  Half- Year  Ended  Dec.  31, 1909.  Melbourne,  1909.  (Qift  of  Mr. 
Wainwright) 

Copper  Handbook.  Vol.  IX.  By  H.  J.  Stevens.  Houghton,  1909»  (Pur- 
chase.) 

Ecx>NOMio  Gbolooy  of  the  Feldspar  Depobtts  of  the  United  States. 
(Bulletin  No.  420,  U.  S.  Geological  Survey.)  By  E.  Q.  Bastin.  Washington, 
1910.     (Exchange.) 

Enoineerino  Standards  Committee.  Beport  on  British  Standard  Copper 
Conductors.     2d  issue.     London,  1910.     (Exchange.) 

Geology  and  Ore-Deposits  of  the  Bullfrog  District,  Nevada.  (Bulletin 
Noo  407,  U..S.  Geological  Survey.)  By  F.  L.  Bansome  and  others.  Wash- 
ington, 1910.     (Exchange.) 

Geology  of  the  Elizabethtown  and  Port  Henry  Quadrangles.  (Bulle- 
tin No.  138,  New  York  State  Museum. )  By  J.  F.  Kemp  and  B.  Ruedemann. 
Albany,  1910.     (Exchange.) 

International  American  Scientific  Congress.  Bulletin  No.  1.  Buenos 
Aires,  1910.     (Gift ) 

Jahrebbericht  user  die  leistungen  der  chemischen  technologie.  Band 
55.     Unorganischer  teil,  1909.     Leipzig,  1910.     (Purchase. ) 

John  Crerar  Library.    Annual  Beport,  1909.    Chicago,  1910.     (Exchange.) 

Measurement  of  Pulp  and  Tailing.  By  W.  J.  Sharwood.  London,  1910. 
(Gift  of  Author. ) 

Memorie  descrittive  della  carta  geologic  a  d' Italia.  Vol.  XIIL  .Geo- 
logia  della  Toecana.  Di  B.  Lotti.  Boma,  1910.  (Gift  of  B.  Ufficio  Geo- 
logico.) 

Metal  Industry  Directory,  1910.    New  York,  1910.    (Gift.) 

Mining  Industry  in  North  Carolina  During  1907.  (Economic  Paper  No. 
15.)    Baleigh,  1908.     (Exchange.) 

Mississippi  Valley  Between  Savanna  and  Davenport.  (Bulletin  No.  13, 
Illinois  State  Geological  Survey. )  By  J.  E.  Carman.  Urbana,  1909.  (Ex- 
change.) 

Missouri.     Geological  Map  of  Missouri » 1907.    ^Exchange.) 

New  Mexico.  Mine  Inspector.  Beport,  1909.  Washington,  1910.  (Ex- 
change.) 

Nova  Scotia.  Mines  Department.  Beport,  1909.  Halifax,  1910.  (Ex- 
change. ) 

Ontario.  Bureau  op  Mines.  Annual  Beport,  18th.  VoL  18,  Pt.  1,  1909. 
Toronto,  1909.     (Exchange.) 
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Quality  of  SuiirAOE  Waters  ik  thx  Unttsd  Statsb.    Flut  1.    (Watar-Sap- 
ply  Ffrper  Na  236,  U.  8.  Geological  Soirey.)    BjKK  Dole.    WaBhington, 
1909.     (Exchange.) 
RxsuiiTS  ov  Obsebvations  Madb  at  the  CoAerr  ahd  Gsodviic  Subvet  Mag- 
iTETic  Obsebvatobt  AT  SiTKA,  ALASKA,  1905-1906.    By  F.  L.  Haiaid. 
Washington,  1910.    (Exchange.) 
Standabd  Oil  Compakt.    Bj  Elbert  Hubbard.    N.  p.,  n.  d.     (Gift) 
;8uMMABT  OF  Tests  OF  Csimux  QusEifSLAin>  Goals.    Bj  C.  F.  V.  Jaekion. 

Brisbane,  1909.    (Exchange.) 
U.  &  Ceksus  Bubbau.     Seventh  Censns,  1850.     Washington,  1853.     (Ex- 

change. ) 
Preliminary  Report  on  Eighth  Censos,  1860.     Washington,  1862.    (Ex- 
change.) 

Eighth  Census,  1860.    Agriculture,  Mortalitj,  Manufactures,  Population. 

4  vols.    Washington,  1864-66.    (Exchange.) 

Ninth  Census.    Vols.  1-2.    Washington,  1872.    (Exchange.) 

Compendium  of  the  Ninth  Census,  1870.  Washington,  1872.   (Exchange.) 

Statistics  of  the  U.  8.  of  America.    Washington,  1841.    (Exchange.) 

Sixth  CoQsus,  1840.     Washington,  1841.    (Exchange.) 

Compendium  of  the  Enumeration  of  the  Inhabitants  of  the  United  States. 

Washington,  1841.    (Exchange.) 

Mortality  Statistics  of  the  Seventh  Census,  1850.    Washington,  1855. 

(Exchange.) 

Beport  of  the  Superintendent,  Dec,  1852.    Washington,  1852.    (Ex- 
change.) 

Statistics  of  aties  Having  a  Population  of  Over  30,000,  1907.     (Special 


Beports.)    Washington,  1910.     (Exchange.) 
U.  8.  Civil  Sebyioe  Commissioh.    Annual  Beport,  Ist,  10th,  11th,  12th,  13th, 

19th,  24th.     Wsshington,  1884,  1894,  1895, 1897,  1902,  1908.     (Gift  of  U.  a 

Civil  Service  Commission. ) 
U.  S.  Coast  and  GsoDEnc  Subvet.     Report  of  Superintendent,  1897.    Wash- 
ington, 1897.     (Exchange.) 
U.  S.  Enqiveebs,  0>bp8  of.      Professional  Memoirs.     Vol.   2,  No.  6-date. 

Washington,  1910.     (Exchange.) 
U.  S.  Intebstate  Commebce  Ck)MMis8ioN.     Annual  Report  on  the  StatieticB  of 

RaUways.      1888,    1891-1895,   1897-1900.     Washington,   1899-1901.     (Ex- 
change.) 
U.  S.  Light  House  Boabd.     Annual  Beport,  1876-1878, 1880-1881.    Washings 

ton,  1877-1878 ,  1880-1 881 .    (Exchange. ) 
U.  S.  National  Assogiatioit  of  Railway  Ck>MMi88i0NEBS.    Proceedings  of 

Annual  (>>nventioD,  1901-1908.     Washington,  1901-1909.     (Exchange.) 
U.  S.  Obdnance  Depabtment.    Report  on  the  Test  of  Metals,  1894,  1895. 

Washington,  1895,  1896.     (Exchange.) 
U.  8.  Reclamation  Sebvige.     Annual  Report,   1902,  1902-1903,   1908-1909. 

Washington,  1903,  1904,  1910.     (Exchange.) 
U.  S.  Signal  Office.    Annual  Report  of  the  Chief,  1870,   1871,  1873,  1874, 

1882,  Pts.  1-2;   1886,  1887,  Pts.  1-2;  1888,  18«9,  Pts.    1-2;   1890,  1891. 

Washington,  1870-1891.    (Exchange.) 
U.  8.  Wab  Department.   Annual  Report  of  the  Chief  of  Engineers,  1905,  Vols. 

5-8 ;  1906,  Pt.  2 ;  1908,  Pts.  1-3  ;  1909,  Pts.  1-3.     Washington,  1905,  1906, 

1908-1909.     (Exchange.) 
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U.  8.  WsATHEB  Bureau.    Special  Beport  of  the  Chief,  1891.    Washington, 

1891.    (Exchange.) 
Beport  of  the  Chief,  1891,  1892,  1895,  1891-1892,  1895-1896,  1897-1898, 

189»-1900,  1900-1901,  Vols.  1-2 ;  1907-1908.     Washington.  1892,  1893, 1895, 

1896,  1899,  1901,  1902,  1909.    (Exchange.) 
UmyEBSiTT  OF  O&SQON.    Annoancements,  lUtlO,    Eugene,  1910.     (Exchange. ) 

Trade  Catalogues. 

A.  8.  Camerok  Stbam  Pomp  Works,  New  York,  N.  Y.    Catalogue  No.  36. 
Cameron  pompe,  plunger  pumpa,  sinking  pumps,  piston  pumps,  etc     157 

Colorado  Iron  Works  Co.,  Denver,  Colo.    Pamphlet  No.  9B.    The  impact 

screen.    11  pages. 
OsHKRAL  Elbctrio  Co.,  Scheoectady,  N.  Y. 

Price  Last  No.  5214.    G.  £.  Edison  carbon  incandescent  lamps.    7  pages. 

Price  List  Na  6218.    G:  R  train-lighting  lamps.    3  pages. 

Maida  venu$  tungsten  lamps.    7  pages. 

Bulletin  No.  4716.    Thomson  watt-hour  meters  with  prepajment  attachments 
for  direct  and  alternating  currents.    7  pages. 

Bulletin  No.  4719.    G.  E.  fan  motors  and  small  power  motors.     36  pages. 
GoLDSGHMiDT  Theruit  Co.,  Ncw  York,  N.  Y.    EeactunUf  First  Quarter,  1910, 

a  quarterly  periodical  devoted  to  the  science  of  aluminothermics.     20  pages.  * 
Frederik  C.  Guerrligh,  Long  Island  Citj,  N.  Y.    Hoisting  and  convejing 

machinery.    82  psges. 
Jevfret  Mfg.  Co.,  Columbus,  Ohio.    Bulletin  No.  39.    Jeffrey  roll  crushers. 

15  pages. 
Ph<snix  Iron  Works  Co.,  Meadville,  Pa. 

Compound  self-oiling,  automatic  cut-off  steam-engines.     19  pages. 

Simple,  self-oiling,  automatic  steam-engines.     15  pages. 

Steam-boilers  of  all  types.     17  pages. 
BoT  &  TiTOOMB,  Nogales,  Ariz.    Multiple  cylinder,  gasoline  geared  hoisting- 
engines.    3  pages. 
Universal  Portland  Cement  Co.,   Chicago,   111.     Monthly  JBuUeHn  No.  70, 

March,  1910,  a  publication  in  the  interest  of  Portland-cement  users.     15 

pages. 

United  Engineering  Society  Library. 

Desioning  and  Detailing  o7  Simple  Steel  Structure&    By  C.  T.  Morris. 

Columbus,  1909.   (Gift  of  Engineering  News  Publishing  Co.   Price,  $2.25  net 

Contents :  Chapter  I.,  Rlyeting.    Chapter  II.,  Designing  and  Estimating. 

Chapter  III.,  Manufacture  and  Erection.     Chapter  IV.,  Roofs.     Chapter  V., 

Plate  Girder  Bridges.     Chapter  VI..,  Pin-Connected  Bridges.-   Chapter  VIL, 

Details  of  Pin-Connected  Bridges. 
Electric  Power  Plants.    By  T.   E.   Murray.     New  York,   1910.     (Gift  of 

Author. ) 
EiTOiNBERiNG  Index,  1909.     New  York,  1910.     (Purchase.) 
International  Who's  Who,  1910-1911.    New  York,  International  Who's  Who 

Publishing  Co.,  1910.     (Purchase.) 
New  Pronouncing  Dictionary  of  Spanish  and  English  Languages.     By 

M.  Velazquez  de  la  Cadena.     New  York,  Appleton  &  Co.,  1909.     (Purchase. ) 
Poole's  Index  to  Periodical  Literature.     Vol.  6,   1902-1906.     Boston, 

Houghton,  Mifflin  &  Co.,  1908.     (Purchase.) 
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Gift  of  Schneidxb  St  Ca 

AciEB  AU  Manoanese,  PB0PBIETE8  FT  APPLICATIONS.     (Kztrait  du  JourfuU  le 

Genie  Civil,    Paris,  1908. 
AciERS  sPBciAux   POUR   PIECER    d' AUTOMOBILES.      Objects  exposes.      Fttfis, 

1906. 
Etablissements  de  mm.  ScHiTEiDEB  <&  CiE.    Nevers,  1900. 
Matebiel  automobile.    N.  p.,  1909. 
Album  des  Febs  et  Aciebs.    1895. 
Matebiel  Electbique  a  Coubantb  altebnatifb.     Alternateurs,  1909. 

Dynamos  Schneider,  Type  "E**  1909,  Type  "8"  1909. 

Moteurs  triphases.     1905. 

Transformateurs.     1907. 

Pbincipales   install atioks   oompobtant   des   dynamos  ''Schneidbb"    a 

couBANT  ooNTiNU.     Liste  des  references.     1906. 
^ Annexe  No.  1.     1906-1907. 

PbINCIPALSS  installations  oompobtant  du  MATEBIEL  ELEOTBiqUE  A  OOUB- 

ANTS  ALTEBNATIFB  DE  NOTBE  DEBNiEB  TYPE.     liste  des  references.     1906. 

Annexe  No.  1.     1907. 

Tbayaux  d'ameliobation  du  pobt  du  Haybe.    Paris,  1907. 

Tbads  Catalogues. 

Compaq  NiE  des  Foboes  et  Aciebies  de  la  Mabine  et  d'Homecoubt,  Fbance. 

Iron  and  steel  parts  for  automobiles,  for  buildings,  wheels,  castings  of  all 

kinds,  projectiles,  guns,  fire-arms.     75  pages. 
ScHNEiDEB  <&  Co.,  Paris,  France. 

Products  and  machinery  manufactured  by  Schneider  &  Co.     19  pages. 

Automobile  wheels  manufactured.     9  pages. 

Creusot  and  manganese  steel  used  in  railway  construction.     9  pages. 
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MEMBERSHIP. 

New  Msmbbrb. 

The  following  list  comprises  the  Dames  of  those  persons 
elected  as  members  who  accepted  election  during  the  month 
of  April,  1910: 

John  A.  Agnew, Kalgoorlie,  W.f  Australia. 

Harry  M.  Booth, Denver,  Colo. 

Lowell  H.  Brown, Catasauqua,  Pa. 

Frederick  J.  Brul^ Tooele,»TJtah. 

John  R  Butler, Steams,  Kj. 

William  R.  Chedsej, Moscow,  Idaho. 

Marco  Chiapponi, New  York,  N.  Y. 

Frederick  G.  Clapp, Pittsburg,  Pa. 

James  B.  Cook Punxsutawney,  Pa. 

Carl  F.  Dietz, Boston,*Mass. 

Byron  E.  Eldred, New  York,  N.  Y. 

Thomas  W.  Graham, Workington,  Cumberland,  England. 

Charles  Holding, Collinsville,  111.  ^ 

Edwin  O.  Holter, New  York,  N.  Y. 

Andrew  M.  Howat, Los  Angeles,  Cal. 

Dyke  Y.  Eeedy, Boston,  Mass. 

David  H.  Ladd, Wallaroo,  S.  Australia. 

Stuart  B.  Marshall, Dunbar,  Pa. 

Pomeroy  C.  Merrill, Hibbing,  Minn. 

Everett  B.  Moore, Fairmont,  W.  Va. 

Frank  G.  Morris, Sayreton,  AJa. 

Peter  A.  Newton, 8.  Chicago,  111. 

Hugh  D.  Pallister, Cleveland,  Ohio. 

Karl  C.  Parrish, Des  Moines,  Iowa. 

Joseph  W.  Roe, New  Haven,  Conn. 

Robert  6.  Stewart, Toronto,  Ontario,  Can. 

Whitman  Synmoies, Virginia  City,  Nev. 

Harry  S.  Thayer, Colorado  Springs,  Colo. 

William  P.  Wescott, Jersey  City,  N.  J. 

Lewis  A.  Westcott, Many  Peaks,  Queensland,  Australia. 

Charles  S.  Witherell, Newark,  N.  J. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  for  election  as 
members  of  the  Institute  during  the  month  of  April,  1910, 
Their  names  are  published  for  the  information  of  members 
and  associates,  from  whom  the  Committee  on   Membership 
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earneetly  invites  confidential  communications^  favorable  or  un- 
favorable, concerning  these  candidates.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the 
residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  communications,  before  any  action  upon  these  names 
by  the  Committee.  After  the  lapse  of  this  period,  the  Com- 
mittee will  recommend  action  by  the  Council,  which  has  the 

power  of  final  election. 

hife  Member. 

Ljnn  Yantis  Keadj,  ...    •  .    .    .    ...  Portland ,  Ore. 

Fred  Hansen, Salt  Lake  City,  Utah. 

William  Henry  EEayee, Moonta  Mines,  S.  Australia. 

Wallace  G.  Imhoff, Woodlawn,  Pa. 

Arthur  James  Miller Helena,  Mont. 

Walter  Cornelius  Minsch, Telluride,  Colo. 

Edwin  Thompson  Perkins, Granhy,  Mo 

Boswell  Eustis  Sampson, Boston,  Mass. 

Boy  Arthur  Sulliger, San  Jos4  de  Gracia,  Sinaloa,  Mex. 

Thomas  Thomson, Tottenville,  N.  Y. 

Thor  Warner, Haileybury,  Ontario,  Can. 

Ralph  W.  /Watson, Salt  Lake  City,  Utah. 

AsBodaXe. 

Outhbert  Hale  Brailsford, Sheffield,  England. 

Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  re- 
ceived  at  the  Secretary's  office  daring  the  month  of  April, 
1910.  This  list,  together  with  the  lists  published  in  Bulletin 
Nos.  38,  39,  and  40,  therefore,  supplements  the  annual  list  of 
members  corrected  to  Jan.  1, 1910,  and  brings  it  up  to  the  date 
of  May  1,  1910.  The  names  of  members  who  have  accepted 
election  during  the  month  (new  members)  are  printed  in  itaUcs, 

Adams,  Arthttb  K General  Land  Office,  Little  Bock,  Ark. 

Adams,  Kalph  E.,  Aast  Supt.,  Velardena  Unit,  American  Smelters. 

Securities  Co.,  Velardena,  Dar.,  Mexico. 

Adams,  William  H P.  O.  Box  200,  Portland,  Ore. 

*AffneWf  John^A,f  Min.  Engr.,  Care  Bewick,  Moreing  &  Co., 

Kalgoorlie,  West  Aastralia.     '09. 

Baird,  Henry  J.  B West  Chester,  Pa, 

Belden,  Sanford  B.,  Mgr.,  Min.  Dept.,  Jeffrey  Mfg.  Co Columbus,  Ohio. 

JBiacH,  Stephen ...166  Broadway,  New  York,  N.  Y. 
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*Booikf  Harry  3f.,  Expert  Miner,  U.  8.  Forest  Service,  Majestic  Bids., 

Denver,  Colo.     *10. 

Bkadlby,  Righabd  J.  H 170  Broadway,  New  York,  N.  Y. 

*Browny  LotoeU  H, ,  Iron  Mining  &  Blast-Fumace  Work, 

Care  Empire  Steel  A  Iron  Co.,  Catasauqua,  Pa.     '10. 
*BBTJii£,  Frederick  J.,  Civ.  and  Min.  Engr.,  International  Smelting 

&  Befining  Co.,  Tooele,  Utah.     '10 

Bbowkleb,  ARCHiBAiiD  G. ,  Mgr.  Stanley  "Mines  Co Idaho  Springs,  Colo. 

BiTRLiNQAME,  W.  E ' 1736  Lawrence  St,  Denver,  Colo. 

Bttrrotvb,  B.  H Apartado  212,  Chihuahua,  Mexico. 

*BviUrj  John  £1,  Supt  of  Coal  Mines Steams,  Ky.     '10. 

Carson,  Arthur  C Room  2027,  42  Broadway,  New  York,  N.  Y. 

*Ched9tyy  William  i2.,  Asso.  Prof,  of  Min.  Engr.,  University  of  Idaho, 

Moscow,  Idaho.     '10. 
*Chiapp<mi,  MareOj  Min.  Engr.,  Care  Messmore  Kendall, 

27  William  St ,  New  York,  N.  Y.     '10. 
^Oapp,  Frederick  O.,  Cons.  Geol.  Engr.. ...331  Fourth  Ave.,  Pittsburg,  Pa.    '10. 

Clark,  V.  V 444  Henry  Bldg.,  Seattle,  Wash. 

Cook,  Edward  H Instructed  to  hold  all  maO. 

^Cook,  James  J?.,  Supt,  Berwind- White  Coal  Mining  Co.,  Spirit  Bldg., 

unxsutawney,  Pa.     '10. 

Dbeoan,  John LasCruces,N.  M. 

Dickbrson,  Winchester. , P.  O.  Box  329,  Helena,  Mont. 

*DietM,  Carl  jP.,  Cons,  and  Met  Engr. 6  Beacon  St,  Boston,  Mass.     '10. 

Doerr,  Alrert P.  O.  Box  48,  Ocean  Park,  Cal. 

DoNNEWALD,  ALBERT  H.. 8709  Finney  Ave.,  St  Louis,  Mo. 

Druhmond,  John  J Care  Canada  Iron  Corpn.,  Ltd.,  Montreal,  Canada. 

Dudgeon,  Norman 50aCurzon  St. ,  London,  England. 

DuFFiELD,  Willi  W Harlan,  Ky. 

*Eldred,  Byron  K,  Prest,  Commeicial  Research  Co.,  32  W.  40th  St, 

New  York,  N.  Y.    '10» 

ELiiis,  Edwin  E 1515  Brown-Marc  Bldg.,  Birmingham,  Ala. 

Frank,  AiiBERT Apartado  63,  El  Oro,  Mex.,  Mexico. 

Gamrrill,  GeorobT.,  Jr P.  O.  Box  514,  Ensley,  Ala. 

Geb,  Emerson 228 W.  2d  St,  Los  Angeles,  Cal. 

GoRMiiY,  Samuel  J CareT.  A.  Gormly,  Mt  Vernon,  Iowa. 

*QTaham,y  J^homas  TT.,  Mgr.,  Iron  and  Steel  Works,  Mossbay  House, 

Workington,  Cumberland,  England.     '10. 

Guernsey,  Baimund  T 1508  North  American  Bldg.,  Philadelphia,  Pa. 

Hague,  Wiluam 22  William  St,  New  York,  N.  Y. 

Hargraves,  Ernest  P.,  Care  The  Stock  Exchange  Club, 

Melbourne,  Vic.,  Australia. 

Hibsohbero,  Max  B Teller,  Alaska. 

^HMvng^  Charles,  Supt.,  St  Louis  Smltg.  <&  Befg.  Co Collinsville,  111.    '10. 

♦Botter,  Edwin  0.,  Lawyer 40  Wall  St,  New  York,  N.  Y.     '10. 

Hoofer,  Edward,  Care  Hooper,  Speak  &  Fielding,  3  London  Wall  Bldga, 

London,  K  C,  England. 
*Howat,  Andrew  if.,  Min.  Engr.,  908  W.  P.  Story  Bldg.,  Los  Angeles,  Gal.    '10. 

Howe,  Henrt  M Broad  Brook  Boad,  Bedford  Hills,  N.  Y. 

Hudson,  AiiBERT  W Great  Cobar,  Ltd.,  Lithgow,  N.  S.  W.,  Australia. 

HuTCHnre,  Bobert  G.,  Jr 56  William  St,  New  York,  N.  Y, 

Jenks,  Arthur  W 2209  Shattuck  Ave.,  Berkeley,  Ca)> 
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Kake,  Damibl  B , 70  P  St.,  Salt  L^ke  City,  UtiJi. 

*Keedyf  Dyke  F.,  Coas.  Met 6  Beacon  St.,  Boston,  Mass.     MO. 

EiNQSTON,  Charles  B.,  Cons.  Engr.,  Rhodesia  Gold  Mining  &  Investment  Co^ 

Ltd.,  P.  O.  Box  501,  Bulawajo,  Rhodesia.  So.  Africa. 
*Lcuidf  David  H.,  Met.,  Wallaroo  &  Moonta  Mining  &.  Smelting  Co.,  Ltd., 

Wallaroo,  So.  Australia.    '10. 

Laksnan,  Cornelius  B McGill,  Nev. 

Lane,  Henrt  M 10613  Greenlawn  Ave.,  Cleveland,  Ohio. 

Linnet,  William H 2806  W.  MisalonSt,  Spokane,  Wash. 

Lyle,  Col.  David  A St.  Davids,  Delaware  Co.,  Pa. 

Lyman,  Robert  H ..Care  American  Club,  Mexico  Citj,  Mexico. 

McAuLiFFE,  EuoENE McCormlck  Bldg.,  Chicago,  HI. 

McClure,  David,  CareE.  C.  Hutchinson,  409  Montgomery  St, 

San  Francisco,  CaL 

McCormick,  Edward Buhl,  Minn. 

MacDonald,  Jesse  J P.  O.  Box  115,  Los  Angeles,  Cal. 

^MarthaU,  Stuart  B,y  Asst.  Genl.  Mgr.,  Danbar  Furnace  Co Dunbar,  Pa.     '10. 

Mather,  Henry  A : Instructed  to  hold  all  mail. 

Mather,  Thomas  W.,  Gold  Coast  Amalgamated  Mines.... Tarkwa,  West  Africa. 

Mein,  William  W Care  Hyde  Park  Hotel,  London,  S.  W.,  England. 

*MerriU,  Pomeroy  C,  Min.  Engr.,  Meriden  Iron  Co Hibbing,  Minn.     '10. 

*  Moore,  EvereU  B.,  Min.  Engr.,  Chief  Engr.,  West  Va.  Div., 

Consolidated  Coal  Co.,  Fairmont,  W.  Va.    '10. 
Moore,  Redick  R.,  Cons-  Engr.,  Mexican- American  Holding    . 

&  Improvement  Co.,  20  Broad  St.,  New  York,  N.  Y. 

Moore,  Roy  W Noria,  Son.,  Mex. 

fMorrU^  Frank  (?.,  Genl.  Supt  of  Coal  Mines ..Sajreton,  Ala.     '10. 

Myers,  Desaix  B 321  Story  Bldg.,  Los  Angeles,  Cal. 

Nabthing,  Foster Miami,  Aria. 

^Newiony  Peter  A.,  Asst.  Genl.  Supt,  Illinois  Steel  Co.,  South  Chicago,  111.     '10. 

OxNAM,  Thomas  H 2211  Cambridge  St,  Los  Angeles,  Cal. 

Paddack,  Lewis  E 1815}  E.  2d  St,  Duluth,  Minn, 

fPalluiery  Hugh  D.,  Instructor  in  Applied  Mechanics,  Case  School  of 

Applied  Science,  Cleveland,  Ohio.     '10. 

♦ParrwA,  Karl  C,  Min.  Engr 408  Flynn  Bldg.,  Des  Moines,  la.     '09 

Parsons,  Cyril  E.,  61  York  Mansions,  Batteosea  Park,  London,  S.  W.,  England. 

Phillips,  Walter  I Homestake  Mining  Co.,  Lead,  S.  D. 

Piercb,  Talbot  E Care Semet-Solvay  Co.,  Cleveland,  Ohio. 

Porter,  Robert  S 160  W.  River  St,  Wilkes-Barre,  Pa. 

Putnam,  Benjamin  R 651  Howard  St,  San  Francisco,  Cal. 

Raht,  August P.  O.  Box  621,  San  Francisco,  CaL 

Robertson,  James  D 917  Carleton  Bldg.,  St  Louis,  Mo. 

^BoBf  Joseph  W.f  Asst  Prof,  in  Mech.  Engr.,  Sheffield  Scientific  School, 

New  Haven,  Conn.     *10. 
$toFE8,  Leverett  S.,  Care  Ropes  &  Mclntire,  325  Power  Block,  Helena,  Mont. 

Saxman,  Charles  W.,  Jr.... 415  Depot  St.,  Latrobe,  Pa. 

Scholz,  Carl 325  La  Salle  Sta.,  144  Van  Buren  St,  Chicago,  IlL 

SchrOdxb,  Harold Lanark,  Lane  Cove  Road,  Gordon,  N.  S.  W.,  Australia. 

Scott,  Walter  M.  H Care  Smuggler  Union  Mining  Co.,  Telluride,  Colo. 

Spakoler,  Howard 329  San  Fernando  Bldg.,  Los  Anjgeles,  Cal. 

Stafford,  C.  Edward Care  Union  League  Club,  Philadelphia,  Pa. 

^SUwartf  Robert  J^.,  Demonstrator  in  Met,  Univ.  of  Toronto,  175  McCaul  St, 

Toronto,  Ont,  Canada.    '10. 
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SuTCLiPFE,  John 511  Bayoe  Ave.,Bellevue,  Pa. 

*Synune8,  Whitman^ 'biine  Mgr. Virginia  City,  Nev.     MO. 

*Thayer,  Harry  &,  Mgr Gladstone  Reduction  Co.,  Silver  Cliff,  Colo.     '10. 

Thobn,  JoskphF Round  Mountain,  Nev. 

ToBBEBT,  Jameb  B.,  Min.  Dept.,  Cerro  de  Pasco  Mining  Co., 

Cerro  de  Pasco,  Peru,  So.  Amer. 

Tbacy,  Paul  B.,  Min.  Engr.,  Utah  Copper  Co Salt  Lake  City,   Utah. 

Vivian,  Gsoboe  G.,  North  American  Smelter  &  Mines  Co.,  Boston  Bldg., 

Denver,  Colo. 

Walkeb,  Elton  W.,  Supt,  Mass  Cons.  Mining  Co Mass  City,  Mich. 

W.ABDBN,'  BbucxR.,  Care  Anderson  &  Warden,  413  GzanvilleSt., 

Vancouver,  B.  C,  Can. 

Waste,  Habby  L.,  Mgr.,  Midas  G.  M.  Co Knob,  Shasta  Co.,  Cal. 

Weaveb,  Isaacs Manchester,  N.  Y. 

Wepfeb,  G.  W.,  Care  Miami  Copper  Co.,  P.  O.  Box  100,  Miami,  Gila  Co.,  Ariz. 

*We8eoU,  William  P. 38  Bentley  Ave.,  Jersey  City,  N.  J.     MO. 

*W€8icoUf  Lewis  A.f  Min.  Engr.,  Many  Peaks  Mine,  Many  Peaks, 

Queensland,  Australia.    '()9. 

Whitman,  Philip  R f 449  Pine  Ave.,  Long  Beach,  Cal. 

Wilson,  Habbt 31  Queen  Si.,  Melbourne,  Vic.,  Australia. 

*WUherellj  Charles  /&,  Supt,  Copper  Dept.,  Balbach  S.  &  R.  Co., 

Newark,  N.J.     MO. 
Womble,  Llotd  a..  Care  Princess  Estate  G.  M.  Co.,  P.  O.  Box  112, 

Roodeporte,  Transvaal)  So.  Africa. 

WoBTH,  John  G Instructed  to  hold  all  mail. 

Wbight,  William  Q 24  California  St.,  San  Francisco,  Cal. 

ZocH,  Fbank  P 514  Wood  St.,  Pittsburg,  Pa. 


Addrbssbs  OP  Members  and  Associates  Wanted. 

Name.  Last  Address  on  Records,  ftom  which  Mail  has  been  Returned. 

Alexander,  George  £., Sparta,  Ore. 

Badger,  Harry  S., Goldhoro,  N.  S.,  Canada. 

Bailey,  Marc, Fort  Dearhom  Bldg.,  Chicago,  III. 

Bartoccini,  Astolfo, 2i4  E.  90th  St,  New  York,  N.  Y. 

BajBsett,  Thomas  B., Cumpas,  Sonora,  Mexico. 

Batchelder,  Joseph  F.,    .   .   .    ..  54  1st  St,  Portland,  Ore. 

Beck,  Edwin  L„ Jardine,  Mont 

Bellam,  Henry  L.,     ...   .    .   .'  .  Reno,  Nev. 

B6uchelle,  James  F.,    .' 22  Duncan  Ave.,  Jersey  City,  N.  J. 

Brown,  Frank  H., .  Coppermouni,  Alaska. 

Bunker,  Charles  £., Monica  Mines  Co.,  Eirkland,  Ariz. 

Calero,  Jose, Pachuca,  Hgo.,  Mexico. 

Campa,  Jose, Mexico  City,  Mexico. 

Claudet,  H.  Hayman, Bossland,  B.  C,  Canada. 

Clemens;  Fred  Le  Boy, Beno,  Nev. 

Cragoe,  A.  Spencer, Vencedora,  Mexico. 

Daniel,  Mark, United  Elkhom  Mines,  Baker  City,  Ore. 

Dickson,  George  H., Lethhridge,  Alberta,  Canada. 

Dougherty,  Clarence  E., 41  Wall  St,  New  York,  N.  Y. 

Downs,  M.  E. 26  Broad  St,  New  York,  N.  Y. 

Ekberg,  Benjamin  P., Johannesburg,  Transvaal,  So.  Africa. 
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Field,  WUfrid  B., Mexico  City,  Mexico. 

Fitch,  Frank, Black  Mt.  Min.  Co.,  Magdalena,  Mexico. 

Foster,  Lewis  R, Utah  Copper  Co.,  Garfield,  Utah. 

Gaines,  Ambrose  P., Dayton  Coal  &  Iron  Co.,  Dayton,  Tenn. 

Geppert,  Bichard  M., Bay,  Ariz. 

Greenley,  Louis  A., Prairie  City,  Ore. 

Hant,  Thatcher  B., Iron  Mt,  via  Keswick,  Cal. 

Jewett,  Eliot  C, 2918  Morgan  St,  St  Louis,  Mo. 

Kow,  Tong  Sing, Shanghai,  China. 

McCan,  E.  K., Braden  Copper  Co.,  Graneros,  Chile,  S.  A. 

McGregor,  J.  Murray, 3  Minanciho,  Ushigome,  Tokyo,  Japan. 

Mildon,  Beginald  R, Nacozari,  Son.,  Mexico. 

Monlton,  Herbert  G., Cobalt,  Ont,  Canada. 

Muir,  Thomas  K., Portland,  Ore. 

Perkins,  Walter  G., McGill,  Nev. 

Piper,  John  W.  H., Buenos  Ayres,  Argentine  Bep.,  S.  A. 

Potter,  J.  A., 41  W.  124th  St,  New  York,  N.  Y. 

Bhew,  James  W., Culican,  Sinaloa,  Mexico. 

Bipley,  G.  Clinton, Craft,  Cal. 

Sandifer,  Harmer  C, El  Oro,  Mexico. 

Scott,  Winfield  G., Long  Beach,  Cal. 

Skelding,  Joseph  F., Embreeville,  Tenn. 

Thomas,  Bichard  A., 43  Wall  St,  New  York,  N.  Y. 

Weddle,  Joseph  H., San  Juancito,  Honduras,  C.  A. 

Wilson,  Odell, Shingle,  Cal. 

Wolfe,  Burton  L., Ely,  Nev. 

Yates,  Edwin  F., P.  O.  Box  25,  Bawhide,  Nev. 

Young,  William, Kenora,  Ont,  Canada. 

Nbcroloot, 

The  deaths  of  the  following  members  have  been  reported  to 
the  Secretary's  office  during  the  month  of  April,  1910 : 

Date  of 
Election.  Name.  Date  of  Decease. 

1887.  *Frank  B.  Carpenter, April  1,  1910. 

1906.  rrhomas  A.  Irvin, January  2,  1910. 

1907.  *Alfred  Kimber, April  7,  1910. 

1905.  •Pietro  Redaelli,  • April  10,  19ia 

1900.  **Thomaa  F.  Walsh, April  8,  1910. 

*  Member.  **  Life  member. 


SUBJECT  TO  SEVISION. 
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Improvement  in  Cyanide  Practice. 

BY  E.  GYBBON  SPILSBURY,  NEW  YORK,  N.  Y. 

(PlttsbUTg  Meeting,  March,  1910.) 

The  recovery  of  gold  and  silver  from  their  ores  by  means  of 
the  cyanide  process  has  been  so  successful  in  the  last  few  years 
that  any  radical  improvement  would  seem  impossible ;  yet  the 
appliance  to  which  I  wish  to  call  attention  in  this  paper  is 
really  a  radical  departure  from  the  methods  now  in  general 
use. 

The  most  modern  and  approved  of  these,  known  as  the  all- 
sliming  method,  depends  for  its  success  on  the  grinding  of  the 
ore  so  fine  that  practically  90  per  cent,  of  it  will  paas  through  a 
200-me8h  screen.  The  slimes  thus  produced  are  then  agitated 
and  aerated  in  tanks  of  various  types. 

The  main  object  of  this  treatment  is  to  insure  such  a  thor- 
ough admixture  of  the  pulp  and  solution  that  every  particle  of 
the  ore  is  surrounded  by  a  volume  of  solution  sufficient  to 
insure  the  dissolving  of  the  whole  of  the  gold-  and  silver-con- 
tent. In  addition,  in  order  to  expedite  the  action  of  the  cyanide, 
and  to  oxidize  such  elements  as  would,  if  left  in  their  active 
state,  become  cyanicides,  air  is  blown  in  under  pressure.  In 
the  Pachuca  tank,  this  air  is  the  active  and  sole  means  of  agi- 
tation. 

The  chief  objections  to  all  the  methods  of  agitation  used 
heretofore  are  the  expense  of  operating  and  maintaining  the 
mechanical  devices  for  keeping  the  pulp  in  suspension,  and  the 
length  of  time  required  to  obtain  a  fairly  complete  extraction 
of  the  values.  These  objections  are  inherent  to  any  method 
of  agitation  eflfecting  a  circulation  of  the  pulp  and  the  solution 
together,  by  giving  the  whole  mass  a  circular  movement,  as  in 
the  low-tank  system,  or  a  vertical  circulation,  as  in  the  Pachuca- 
tank  system.  In  both  methods,  the  particles  of  ore  are  kept 
traveling  in  the  same  direction  as  the  solution,  and  with  very 
little  difference  of  speed ;  so  that,  while  the  whole  mass  is  in 
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violent  motion,  the  relative  positions  of  tbe  ore-particles  to 
their  surrounding  medium  of  suspension  change  but  very 
slowly,  and  consequently  the  length  of  time  required  for  a 
given  extraction  is  much  greater  than  would  be  necessary  if 
the  movements  of  the  solution  and  the  pulp  were  not  coinci- 
dent. 

The  improvement  here  described  is  a  purely  mechanical  one, 
devised  to  meet  this  requirement.  It  rests  simply  on  the  dis- 
covery of  a  method  of  manufacturing  a  diaphragm  of  silica 
sponge,  which,  while  strong  enough  to  support  heavy  weights, 
is  so  evenly  porous  throughout  that  air  can  be  passed  through 
it  with  practically  little  resistance,  and  in  which,  nevertheless, 
the  pores  are  so  minute  that  no  solid  matter,  however  finely 
divided,  can  pass  through  or  even  into  it. 

In  practice,  this  diaphragm  is  placed  in  the  tank  as  a  false 
bottom,  resting  on  light  channel-iron  bars,  4  in.  above  the  real 
bottom.  The  plates  are  either  12  by  12  or  12  by  20  in.  in  size, 
and  are  secured  to  the  channel-iron  supports,  along  the  lines  of 
intersection,  by  0.25-in.  carriage-bolts.  When  the  plates  are 
all  laid,  oakum  is  driven  into  the  joints,  which  are  then  made 
completely  tight  by  pouring  in  liquid  cement. 

This  simple  operation  completes  the  whole  installation.  The 
charge  is  now  run  into  the  tank,  and  air  is  admitted  from  below, 
under  a  pressure  of  from  2  to  6  lb.  only,  depending  on  the  depth 
of  the  charge.  Immediately  the  whole  charge  becomes  a  seeth- 
ing mass  of  uniform  but  gentle  agitation,  in  which  every  parti- 
cle of  ore  is  in  constant  motion,  as  is  shown  in  Fig.  1, 

No  pressure  is  exerted  on  any  of  the  air-particles  after  they 
have  passed  through  the  pores  of  the  diaphragm.  They  sim- 
ply levitate  up  through  the  mass  by  reason  of  their  lower  spe- 
cific gravity.  No  distinct  streams  or  lines  of  agitation  are 
perceptible  to  the  eye,  but  the  charge  shows  a  very  distinct  in- 
crease of  volume,  amounting  to  more  than  a  foot  of  height  in 
a  6-ft.  tank ;  and  the  surface  becomes  covered  with  a  coating  of 
foam  or  air-bubbles,  the  thickness  of  which  depends  on  the 
volume  of  air  blown  through  the  diaphragm.  The  full  capacity 
of  the  sponge  varies  from  5  to  5.5  cu.  ft.  of  air  per  minute  per 
square  foot  of  area  at  1  lb.  pressure. 

Under  these  conditions  the  action  of  the  cyanide  is  very 
rapid  and  intense.   In  80  per  cent,  of  the  runs  made,  an  extrac- 
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"tion  of  over  50  per  cent,  of  the  combined  gold-  and  silver- values 
has  been  obtained  within  the  first  hour  of  agitation ;  and  while, 
in  experimental  work,  our  treatment  is  usually  carried  on  for 
12  hr.,  6  hr.  will  probably  be  found  to  be  the  economical  period 
in  general  practice. 

It  is  found  that  the  consumption  of  cyanide  per  ton  of  ore 
treated  under  this  method  is  much  less  than  in  either  the 
Pachuca  or  the  mechanically-agitated  tanks.  This,  I  believe, 
is  due  chiefly  to  the  briefer  exposure  of  the  cyanide  to  the  oxi- 
dizing effect  of  the  air,  but  also  to  the  circumstance  that  we 
are  able  to  treat  effectively  a  much  thicker  pulp  than  the  other 
methods  of  agitation  will  permit.  With  a  proportion  of  1.5  of 
solution  to  1  of  ore,  we  can  obtain  the  quickest  extraction ;  but, 
for  facility  of  charging  and  discharging  tanks,  we  generally 
make  the  mixture  2  to  1. 

The  accompanying  records  of  work  done  with  this  porous 
diaphragm,  on  a  commercial  scale,  in  one  of  the  large  mills  of 
the  Guanajuato  Development  Co.,  show  what  remarkable  ex. 
tractions  are  obtained  by  this  method. 

One  of  the  important  questions  we  have  had  to  study  in  the 
use  of  this  material  was,  whether  the  pores  of  the  sponge  would 
not  sooner  or  later  become  filled  and  choked  by  the  very  finest 
particles  of  ore,  thus  impairing  the  efficiency  of  the  plates. 

All  our  experience  hitherto  goes  to  prove  that  no  such  stop- 
page need  be  feared.  The  pores  are  so  minute  and  so  irregu- 
lar in  shape  that  apparently  no  solid  matter  can  find  entrance. 
In  treating  certain  classes  of  ore  we  do  find  that,  after  a  cer- 
tain  number  of  hours,  the  air-pressure  begins  to  increase,  by 
reason  of  a  closing  of  the  surface-pores  of  the  diaphragm ;  but 
examination  under  the  microscope  has  shown  that  this  is  due 
to  a  gradual  deposit  of  lime  carbonate  on  the  surface  of  the 
plates,  formed  at  the  moment  of  contact  of  the  air  with  the  lime 
in  solution.  The  removal  of  this  coating,  however,  offers  no 
difficulty.  It  can  be  done,  between  charges,  either  by  sweep- 
ing the  surface  with  a  wire  broom  or  by  washing  it  with  a  weak 
solution  of  hydrochloric  acid.  In  either  case,  the  complete  re- 
moval of  the  deposit  takes  place  instantaneously,  and  the  air- 
pressure  drops  to  the  normal. 

The  credit  for  the  successful  application  of  this  porous  me- 
dium to  the  cyanide  process  is  due  to  J.  E.  Porter,  of  Syracuse, 
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N.  Y.,  who,  having  acquired  the  material  for  an  entirely  differ* 
ent  purpose,  conceived  at  once  its  possibilities  in  the  cyanide- 
field,  and,  by  a  long  series  of  careful  experiments,  developed 
the  many  advantages  of  its  present  adaptation  to  that  field. 

Besides  the  employment  of  this  silica  sponge  in  the  treat- 
ment-tanks, its  usefulness  has  been  demonstrated  in  the  filter- 
ing of  the  solutions,  and  as  a  clarifier.  Several  types  of  silica- 
sponge  filters  are  now  building,  of  which  probably  the  simplest 
consists  of  a  table,  from  25  to  80  ft.  long  and  8  ft.  wide,  the 
top  of  which  is  constructed  of  this  porous  material,  under 
which  is  an  air-tight  pan,  connected  with  an  exhaust-pump. 
The  pulp  being  run  over  the  table,  the  solution  is  drawn 
through,  leaving  a  dry  cake  of  the  desired  thickness.  Wash- 
water  is  then  fiowed  over  this  cake,  and  it  is  washed  in  the 
usual  manner.  When  the  cake  is  finally  dried,  the  table  is 
tilted  to  a  vertical  position,  and  the  cake  is  blown  off  by  air- 
pressure.  The  mineral  sponge  always  contains  a  certain  amount 
of  moisture,  which  causes  a  film  of  water  to  exude  when  the 
air-pressure  is  turned  on ;  and  this  film,  acting  as  a  lubricant, 
aids  the  cake  to  free  itself,  so  that  the  separation  is  immediate. 

This  filter  has  a  capacity  of  from  40  to  50  tons  of  dry  pulp 
per  day.  The  resulting  cake  contains  less  than  23  per  cent,  of 
moisture  when  discharged.  The  simplicity  of  construction  of 
this  filter,  its  indestructible  filtering-medium,  and  the  absence 
of  the  innumerable  valves  and  fittings  required  by  all  filters  of 
the  leaf-type,  will  recommend  it  strongly  to  mill  men  generally. 
I  think  it  will  increase  the  saving  of  values  wherever  it  is  in- 
troduced. 

Another  form  of  filter  is  being  developed  by  the  Just  Process 
Company,  using  the  silica  sponge  on  the  sides  of  a  wheel,  as 
illustrated  in  Fig.  2.  The  filter-wheel  revolves  slowly  in  a 
tank  containing  the  pulp,  the  speed  of  travel  being  determined 
by  the  porosity  of  the  cake  to  be  formed.  The  formation  of 
the  cake  takes  place  on  the  lower  half  of  the  wheel  in  submer- 
sion, the  upper  half  of  the  wheel  being  used  for  drying  the 
cake.  The  solution  is  withdrawn  by  vacuum  through  the  hub 
of  the  wheel.  In  this  case  no  attempt  is  made  to  wash  the 
cake  on  the  filter ;  instead  of  this,  however,  the  cake  is  peeled 
off,  as  shown,  by  a  knife  on  each  side,  at  the  end  of  its  travel, 
and  drops  down  into  a  cylinder  containing  rotary  beaters  re- 
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volving  at  a  high  speed  and  redacing  the  cake  again  to  the 
consiatency  of  pulp  with  a  minimuni  amount  of  wash-water. 
In  practice  the  product  from  this  repulping-cjlinder  would 
pass  to  a  second  wheel  and  eventually  to  a  third  wheel  for 
thorough  washing.  The  filtering-operation  is  therefore  continu- 
ous, and  the  cake  as  finally  discharged  ia  drier  than  that  pro- 
duced by  any  other  method.  The  amount  of  solution  extracted 
in  the  first  operation  is  more  than  85  per  cent.,  leaving  only  15 
per  cent  of  moisture  to  be  replaced  by  subsequent  washing. 


An  interestiDg  laboratory-method  for  the  rapid  preparation 
of  samples  of  cyanide-alimes,  devised  by  Mr.  Porter,  consists  in 
the  use  of  a  small  hollow  cylinder  of  the  silica  sponge,  4  in.  in 
diameter  by  4  in.  in  length,  closed  top  and  bottom  by  iron  plates. 
Passing  through  the  top  plate  is  a  pipe,  which  can  be  attached 
to  any  vacuum-line  in  the  mill.  The  sample  of  pulp,  taken  in 
the  usual  way,  is  put  into  a  gaWanized-iron  receptacle,  and  the 
porous  cylinder  is  immersed  in  it.  The  vacuum  being  applied, 
the  water  is  drawn  out  through  the  cylinder,  around  which  a 
cake  forms.  When  sufficient  pulp  has  thus  been  solidified,  the 
cylinder  is  removed  to  a  second  bucket  and  wash-water  is 
drawn  through  until  all  the  dissolved  values  have  been  removed. 
The  cake  is  then  removed  with  a  spatula  and  dried. 
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In  tbis  way  any  number  of  sampleB  can  be  rapidly  prepared, 
and  the  long  process  of  washing  and  decanting  in  the  usual 
manner  is  entirely  avoided.   The  resulting  sample  is  also  more 


Fio.  2.— RoTAHY  Silica-Sponge  Filter. 

thoroughly  representative  of  the  tank-charge  Uian  a  sample 
prepared  with  the  present  crude  way  of  washing. 

Another  application  of  this  silica  sponge  may  be  found  in  the 
saving  of  the  flue-dust  of  sra  el  ting-operations.  Experiments 
along  this  line  have  not  yet  gone  far  enough  to  warrant  the 
publication  of  detailed  plans  and  results;  but  it  is  expected 
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that  they  will  permit  the  proposal,  at  an  early  day,  of  a  method 

replacing  the  present  "  bag-house ''  system  for  collecting  all 

the  solid  particles  from  flue-gases  of  every  description.     This 

material,  composed  of  nearly  pure  silica,  having  a  very  high 

fusion-point,  and  invulnerable  to  liquid  acids  or  acid  vapors, 

possesses  in  these  respects  indisputable  advantages  over  the 

flannel  bags  now  used. 

APPENDIX. 

Experimental  Tests  Made  with  the  Porous  Diaphragm  at 
THE  San  Matias  Mill,  Guanajuato,  Mexico,  in  Novem- 
ber AND  December,  1909. 

These  tables  give  weights  in  tons  of  2,000  lb.  avoirdupois, 
and  values  in  Mexican  money  at  (1.33  per  gram,  or  (41.34 
per  ounce,  for  gold,  and  $0,033  per  gram,  or  $1.02  per  ounce, 
for  silver. 

Test  No.  3,  Noyember  5  and  6 ;  12  houra  ;  2.671  tons  ^'Bolanitos''  mine-ore. 
Screen-analyeis  :  on  lOO-mesh,  2  ;  on  200-me8h,  10 ;  and  through  200-me8h,  88 
per  cent.  Fresh  solution,  5.97  tons.  Consumption  of  cyanide,  232  grams  per 
ton  of  ore. 


Sample 
No. 


$> 


•2       13 


Hr. 

Deg. 
F. 

Lb.  i 

Heads. 

0 

68 

3 

2 

2 

68 

3 

S 

4 

63 

4 

4 

6 

63 

4 

5 

8 

68 

4.5 

6 

12 

68 

5 

TltratioM 

Per  Ton  of 

Solution. 

KCN. 

CaO. 

Per 

Kg. 

Cent. 

0.89 

0.644 

0.39 

0.960 

0.39 

0.896 

0.89 

0.890 

0.385 

0.868 

0.885 

0.842 

Assays. 


Extractions. 


Gold. 

Silver. 

Grams 

Grams 

Per  Ton. 

Per  Ton. 

2.17 

126 

0.26 

88 

0.17 

66 

0.08 

51 

0.17 

47 

0.08 

29 

1 

'  Gold. 

Silver. 

Values. 

Per 

Per 

Per 

Cent. 

Cent. 

Cent. 

88.4 

84.2 

56.4 

92.2 

47.6 

65.7 

96.4 

59.6 

74.5 

,  92.2 

62.7 

74.9 

,  96.4 

78.1 

85.5 

Test  No.  4,  November  8  and  9  ;  8  hours  ;  2.197  tons  **  El  Kefugio"  dump-  and 
mine-ore.  Screen-analysis :  on  100-mesh,  3  ;  on  200-mesh,  12 ;  through  200-me8h, 
85  per  cent  Fresh  solution,  4.906  tons.  Consumption  of  cyanide,  228  grams  per 
ton  of  ore. 


I  0 
o 

Sample ,  = 

No.      '  :s 

1^ 


Heads. 

2 
3 
4 
5 
6 


Hr. 

i    0 
0.5 

I     1 

:   2 

4 
6 

8 


■ 

« 

t 

e 

9 

C3 

ss 

k 

o 

S. 

£ 

a 

if 
H 

-< 

Deg. 

Lb. 

F. 

63 

4 

63 

4 

63 

4 

63 

4 

63 

5 

62 

6 

61 

6 

Titrations 

Per  Ton  of 

Solution. 


KCN. 

~PeT~ 
Cent. 
0.31 
0.S05 
0.805 
0.305 
0.300 
0.800 
0.300 


Assays. 

1 

Extractions. 

Gold. 

Silver. 

Value 

(Mex.) 

,  Gold. 

i 
Per 

Silver.  I  Values. 

1 

Grams 

Grams 

Per 

Per 

Per  Ton. 

Per  Ton. 

Cent. 

Cent. 

Cent. 

1.83 

108 

16.00 

0.38 

77 

2.98 

82.0 

28.7    1    50.2 

0.17 

63 

2.30 

90.7 

41.7        61.7 

0.25 

50 

1.98 

86.4 

58.6    <    67.0 

0.25 

38 

1.58 

86.4 

65.9    i    78.7 

0.17 

82 

1.28 

90.7  1    70.4     1    78.7 
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Test  No.  6,  November  11  and  12 ;  22  hours  ;  2.77  tons  "  El  Refugio  "  mine-ore. 
Screen-analysis:  on  lOO-mesh,  2;  on  200-mesh,  11 ;  through  200-mesb,  87  per 
cent.    Fresh  solution,  5.9  tons.    Consumption  of  cyanide,  426  grams  per  ton  of  ore. 


• 

• 

s 

fi 

Titrations 

§ 

0 

Per  Ton  of 

Sample 

1 

< 
Hr. 

1 

1 

Solution. 

No. 

1 

Deg. 

< 

Lb. 

KCN. 

CaO. 
Kg. 

Per 

P. 

Cent. 

Heads. 

— 

88 

5 

0.280 

0.70 

2 

1 

88 

5 

0.270 

0.70 

8 

2 

89 

5 

0.270 

0.75 

4 

4 

89 

5 

0.270 

1.00 

6 

8 

5 

O.SflO     0.85  1 

6 

19 

72 

6 

0.820 

0.80  ' 

7 

22 

89 

6 

0.820 

0.84 

Assays. 


Gold. 


Grams 
Per  Ton. 
1.83 
0.83 
0.17 
0.08 
0.08 
0.08 
0.08 


Silver. 

Value 
(Mez.) 

Grams 

PerTou. 

106 

16.00 

92.7 

8.48 

72 

2.60 

62 

2.15 

48 

1.68 

22 

0.82 

22 

0.82 

Eztractions. 


Test  No.  6,  November  13  and  14 ;  12  hours ;  1.88  tons  **  Santa  Clara"  mine-ore. 
Screen-anal^rsis :  on  lOO-mesh,  3;  on  200-me8h,  10;  through  200-me8h,  87  per 
cent.  Fresh  solution^  5.64  tons.  Consumption  of  cyanide,  450  grams  per  ton  of 
ore. 


• 

e 

• 

Titrations 

§ 

H 

Per  Ton  of 

Assays. 

Eztractions. 

Sample 
No. 

1 

1 

Hr. 

1 

Solution. 

KCN. 

CaO. 

Gold. 

Silver. 

Value 
(Mez.) 

Gold. 
Per 

Silver. 

Values. 

Deg. 

Lb. 

Per 

Kg. 

Grams 

Grams 

Per        Per 

F. 

Cent. 

Per  Ton. 

Per  Ton. 

Cent. 

Cent. 

Cent. 

Heads. 

0 

81 

6 

0.80 

0.95 

8.00 

118 

S14.58 

2 

1 

89 

6 

0.80 

0.98 

0.17 

57 

2.10 

97.9 

51.7 

85.6 

3 

2 

95 

5 

0.80 

0.92 

0.08 

85 

1.25 

99 

69.9 

91.4 

4 

4 

94 

6 

0.295 

0.96 

0.08 

28 

1.02 

99 

76.8 

93 

5 

6 

90 

6 

0.295 

0.96 

0.08 

23 

0.86 

99      j    80.6 

94.1 

6 

8 

87 

6 

0.295 

0.94 

0.08 

21 

0.79 

99      1    82.8    !    94.6 

7 

12 

83 

6 

0.420 

0.92 

0.08 

18 

0.69 

99 

84.8 

95.8 

Test  No.  7,  November  15  and  16  ;  12  hours  ;  2.16  tons  "Puerto  Rico"  oxidized 
surface-ore.  Screen-analysis:  on  100-mesh,  2;  on  200-mesh,  9;  through  20O- 
mesh,  89  per  cent  Fresh  solution,  4.384  tons.  Consumption  of  cyanide,  234 
grams  per  ton  of  ore. 


Sample 
No. 


Heads. 
2 
8 
4 

5 
6 

7 


c 
o 

< 


s 


Hr.   Deg. 

F. 

—       77 

2  ,    89 

4       90 

6       89 

8       86 

10       84 

12       80 


Lb. 

6 
6 
6 
7 
7 
7 
7 


Titrations 

Per  Tou  of 

Solution. 

KCN. 

CaO. 

Per 

Kg. 

Cent. 

0.89 

0.89 

0.38 

0.89 

0.38 

0.78 

0.88 

0.816 

0.88 

0.80 

0.88 

0.80 

0.38 

0.78 

Gold. 

Grams 
Per  Ton. 

1.67 

0.17 

0.08 

0.08 

Tr. 

Tr. 

Tr. 


Assays. 


Silver. 

Grams 

Per  Ton. 

265 

127 

40 

82 

22 

23 

IB 


'  Value 

;  (Mez.) 


S10.96 
4.41 
1.42 
1.16 
0.72 
0.76 
0.59 


Eztractions. 


I  Gold.' Silver. 


Per       Per 
Cent.    Cent. 


Values. 


89.8 

95.2 

95.2 

99 

99 

99 


52.0 
84.9 
87.9 
91.7 
91.3 
98.2 


Per 
Cent. 

59.0 
87.0 
89.4 
98.4 
93.0 
94.6 
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Test  No.  8,  November  16  and  17  ;  12  hours;  2.723  tons  *' Puerto  Rico''  ore. 
Screen-analysis :  on  lOO-mesh,  3 ;  on  200-me8h/ 12 ;  through  200-me6h,  85  per  cent 
Fresh  solution,  6.562  tons.     Consumption  of  cjanide,  234  grams  per  ton  of  ore. 


■ 

• 

£ 

s 

0 

p 

■^ 

Sample 
No. 

Hr. 

Deg. 

F. 

Heads. 

0 

79 

2 

2 

86 

3 

4 

91 

4 

6 

88 

5 

8 

87 

6          10 

82 

7 

12 

78 

e 

Titrations 

Per  Ton  of 

1 

Solution. 

KCN. 

CaO. 

Lb. 

Per 

Cent. 

Kg. 

6 

0.87 

0.84 

7 

0.87 

0.94 

7 

0.37 

0.85 

7 

0.86 

0.87 

7 

0.86 

0.84 

7 

0.S6 

0.84 

7 

0.86 

0.87 

Assays. 

Gold. 

Silver. 

Value 
(Mez.) 

Grams 

Grams 

Per  Ton. 

Per  Ton. 

2.50 

268 

$12.00 

1.00 

188 

7.97 

0.88 

148 

5.82 

0.17 

86 

1.42 

0.08 

85 

1.25 

0.08 

83 

1.19 

0.08 

28 

0.91 

Extractions. 


Gold. 

Silver. 

Values. 

Per 

Per 

Per 

Cent. 

Cent 

Cent 

60 

80.2 

85.3 

86 

48.8 

55.7 

98.2 

86.8 

88.1 

96.8 

86.7 

89.6 

96.8 

87.6 

90.2 

96.8 

89.4 

92.4 

Test  No.  9,  November  18  and  19 ;  12  hours ;  1.825  tons  *'  El  Befugio"  oxi- 
dised ore.  Screen-analysis  :  on  lOO-mesh,  3  ;  on  200-mesh,  10 ;  through  200-me8hy 
87  per  cent  Fresh  solution,  5.717  tons.  Consumption  of  cyanide,  297  grams 
per  ton  of  ore. 


■ 

• 

s 

• 

Titrations 

s 

d 

Per  Ton  of 

Assays. 

Extractions. 

Sample 

s 

s 

I 

Solution. 

No. 

C 

Hr. 

i!. 
5 

KCN. 

CaO. 
Kg. 

Gold. 

Silver. 

Value 
(Mex.) 

Gold. 

Silver. 

Values. 

Deg. 

Lb. 

Per 

Grams 

Grams 

Per 

Per 

Per 

F; 

Cent 

Per  Ton. 

Per  Ton. 

Cent 

Cent. 

Cent 

Heads. 

0 

64 

8 

0.28 

1.12 

8.88 

112 

88.78 

87 

2 

2 

76 

4 

0.27 

1.12 

0.50 

186 

5.14 

95.6 

8 

4 

86 

5 

0.27 

0.95 

0.17 

79 

2.84 

99 

2.90 

67.6 

4 

6 

86 

5 

0.82 

0.96 

0.06 

36 

1.28 

99 

67.8 

85.4 

5 

8 

86 

6 

0.82 

0.95 

0.06 

88 

1.19 

99 

70.5 

86.4 

6 

10 

80 

7 

0.32 

0.96 

0.08 

26 

0.96 

99 

76.8 

89 

7 

12 

78 

7 

0.82 

0.96 

0.06 

21 

0.79 

:    99 

r 

81.2 

91 

Test  No.  10,  November  19  and  20  ;  12  hours ;  2.378  tons  ''Hnguico''  mill-ore. 
Screen-analysis:  on  lOO-mesh,  2;  on  200-me6h,  10;  through  200-me8h,  88  per 
cent.     Solution,  6.444  tons.     Consumption  of  cyanide,  542  grams  per  ton  of  ore. 


Sample ;  ^ 

No.       5 

la 


Heads. 
2 
8 
4 

5 
6 

7 
8 


Hr. 

0 
0 
2 
4 
6 
8 
10 
12 


B 

S 

5 

a 

t 

« 

%. 

£ 

B 

L 

g 

< 

^5«- 

Lb. 

F. 

68 

4 

71 

5 

77 

6 

80 

7 

80 

7 

80 

7 

78 

8 

Titrations 

Per  Ton  of 

Solution. 


Tj       KCN. 


Per 
Cent. 
0.84 
0.34 
0.84 
0.33 
0.33 
0.38 
0.82 
0.32 


CaO. 


Kg. 

1.04 
1.04 
1.00 
1.00 
1.00 
0.98 
0.94 
0.94 


Assays. 


Gold. 


Silver. 


Grams 

Grams 

Per  Ton. 

Per  Ton. 

7.38 

864 

2.83 

348 

0.83 

188 

0.25 

192 

0.06 

55 

0.06 

88 

0.08 

29 

0.08 

28 

Value 
<Mex.) 


938.85 
14.42 
6.48 
6.66 
1.91 
1.85 
1.06 
0.86 


Extractions. 


Gold. 


Per 
Cent 

68.2 

95.5 

96.6 

99 

99 

99 

99 


Silver.  I  Values 


Per 

Cent 

60.8 
78.8 
77.7 
93.6 
95.6 
96.6 
97.8 


Per 
Cent. 

62.6 

88.1 

82.6 

95 

96.6 

97.2 

97.7 


[9] 
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Test  No.  11,  November  22 ;  12  hoan ;  8.16  tons  ''Pinguico''  mill-ore.  Screen- 
aoaljsis :  on  lOO-mesh,  2 ;  on  200-me8h,  9 ;  through  200-me8h,  89  per  cent. 
Solution,  9.23  tons.    Consumption  of  cyanide,  441  grams  per  ton  of  ore. 


Sample 
No. 


Heads. 
2 
8 

8+ 
4 
5 
6 
7 
-  8 


1 

• 

«» 

d 

a 

o 

-S 

3 

g 

1 

1 

H 

Hr. 

Deg. 

p. 

0 

0 

65 

2 

69 

2   Speo. 

4 

72 

6 

70 

8 

67 

10 

67 

12 

65 

Lb. 


5 

5 

from 

5 
6 
6 

7 
7 


Titrations 

t 

1 

Per  Ton  of 

Assays. 

Solution. 

KCN. 

CaO. 

Gold. 
Grams 

Silver. 

Value 
(Mex.) 

Per 

Kg. 

Grams 

Cent. 

Per  Ton. 

Per  Ton. 

7.38 

864 

188.26 

0.85 

0.92 

2.00 

881 

13.58 

0.85    1  0.02 

0.88 

124 

4.53 

bottom  of.  Unk. 

0.38 

124 

4.58  ! 

0.85 

0.88 

0.25 

75 

2.80  ! 

0.84 

0.88 

0.17 

49 

1.85  1 

0.84 

0.86 

0.17 

37 

1.45  ' 

0.84 

0.84 

0.08 

38 

1.26  I 

0.84 

0.84 

0.17 

25 

1.04 

Extractions. 


Gold. 


Per 

Cent. 

72.8 

95.6 

95.5 

96.5 

97.7 

97.7 

99 

97.7 


Silver. 


Per 

Cent. 


61.7 

85.7    ! 

85.7 

91.3 

94.2 

95.7 

96.2 

97.2 

Values. 


Per  Cent. 


64.6  by  Con. 
89.2 
89.2 
92.7 
95.2 
96.2 
96.7 
97.2 


Test  No.  12,  November  23 ;  12  hours ;  2.11  tons  *'  Peregrina  "  mill-run.  Screen* 
analysis :  on  lOO-mesh,  2 ;  on  200-me8h,  13 ;  through  200-me8h,  85  per  cent. 
Solution,  5. 71  tons.     Consumption  of  cyanide,  406  grams  per  ton  of  ore. 


• 

■ 

e 

o 

Sample 
No. 

1 

■ 

5 

Hr. 

- 

Heads. 

0 

2 

0 

3 

2 

4 

4 

5 

6 

6 

8 

7 

10 

8 

12 

e 

£ 

Pressu 

B 

•:. 

s 

5 

Deg. 

Lb. 

F. 

68 

6 

68 

7 

72 

7 

71 

7 

69 

7 

69 

8 

62 

8 

Titrations 

Per  Ton  of 

Solution. 


KCN. 

CaO. 

Per 

Kg. 

Cent 

0.24 

0.96 

0.24 

0.92 

0.85 

0.89 

0.35 

0.88 

0.85 

0.84 

0.35 

0.86 

0.35 

0.84 

0.35 

0.82 

Grams 
Per  Ton. 

7.00 

2.67 

0.42 

0.42 

0.17 

0.17 

0.17 

0.17 


Assays. 

Silver. 

Value 

(Mex.) 

Grams 

Per  Ton. 

126 

•11.27 

164 

8.47 

69 

2.83 

50 

2.21 

21 

0.92 

22 

0.95 

20 

0.89 

21 

0.92 

Extractions. 


Gold. 

Silver. 
Per 

Values. 

Per 

Per 

Cent. 

Cent. 

Cent 

61.9 

94 

46 

74.9 

94 

61 

80.4 

97.6 

83.4 

91.9 

97.6 

82.6 

91.6 

97.6 

88 

92.8 

83.4 


91.9 


Test  No.  13,  November  24;  12  hours;  2.986  tons  **Peregrina'*  mill-rua. 
Screen-analysis :  on  lOO-mesh,  2 ;  on  200-me8h,  12 ;  through  200-me8h,  86  per 
cent     Solution,  6.09  tons.     Consumption  of  cyanide,  408  grams  per  ton  of  ore. 


Sample 
No. 


Heads. 
2 
3 

4 
5 
6 
7 


c 

o 

s 

5 


Hr. 

0 
2 
4 
6 
8 
10 
12 


£ 

• 

s 

Titrations 

a 

Per  Ton  of 

1 
s. 

§ 

1 

Solution. 

KCN. 

CaO. 

Gold. 

Deg. 

Lb. 

Per 

Kg. 

Grams 

V? 

Cent 

Per  Ton. 

67 

5 

0.88 

0.90 

7.00 

72 

7 

0..S7 

0.90 

0.50 

72 

7 

0.87 

0.86 

0.33 

70 

7 

0.37       0.86 

0.83 

68 

7 

0.365     0.86 

0.33 

65 

8 

0.365 

0.82 

0.17 

65 

« 

0.365 

0.78 

0.17 

Assays. 


Silver. 

Grams 
Per  Ton. 
126 
50 
28 
20 
19 
15 
13 


811.27 
2.82 
1.36 
1.10 
1.07 
0.72 
0.66 


Value 

(Mex.) 


Extractions. 


GK>ld. 

Silver. 
Per 

Values. 

Per 

Per 

Cent 

Cent 

Cent 

92.9 

61 

79.3 

95.8 

77.8 

88.0 

95.8 

84.2 

90.2 

95.8 

85 

90.5 

97.6 

88.1 

93.7 

97.6 

89.7 

94.2 

[10] 
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Test  Na  14,  November  25 ;  14  hours ;  1.61  tons  "  Peregrina"  mill-ore.  Screen- 
analyBis :  on  lOO-mesh,  2 ;  on  200-me8b,  10  ;  through  200-me8h,  88  per  cent. 
Solution,  4.358  tons.     Consumption  of  cyanide,  271  grams  per  ton  of  ore. 


■ 

e 

■ 

TltratloDs 

§ 

5 

0 

Per  Ton  of 

Sample 

< 
Hr. 

i 

s 

Solution. 

No. 

1 

< 

KCN. 
Per 

CaO. 

Gold. 

Deg. 

Lb. 

Kg. 

Grams 

F. 

Cent. 

Per  Ton. 

Heads. 

0 

66 

5 

0.24 

0.81 

6.5 

2 

2 

68 

6 

0.24 

1.00 

0.67 

3 

4 

78 

6 

0.86 

0.86 

0.83 

4 

6 

77 

6 

0.86 

0.86 

0.17 

5 

8 

74 

6 

0.36 

0.86 

0.17 

6 

10 

70 

6 

0.86 

0.86 

0.17 

7 

12 

67 

6 

0.86 

0.86 

0.25 

8 

14 

64 

7 

0.86 

0.84 

0.17 

Assays. 


.  Silver. 

Grams 
Per  Ton. 
168 
55 
24 
18 
15 
18 
12 
11 


Value 
(Hex.) 


$14.22 
2.70 
1.28 
0.65 
0.72 
0.65 
0.72 
0.58 


Extractions. 


Gold. 

Silver. 

Values. 

Per 

Per 

Per 

Cent. 

Cent. 

Cent 

89.7 

67.5 

81 

95 

85.8 

91.4 

97.4 

92.8 

95.4 

97.4 

91.2 

95 

97.4 

92.3 

91.4 

96.2 

92.9 

95 

97.4 

93.6 

96 

Test  No.  15,  Noyember  27  ;  12  hours  ;  1.76  tons  **  La  Luz  "  mine-  and  dump- 
ore.  Screen-analysis :  on  lOO-mesh,  2  ;  on  200*mesh,  10 ;  through  200-me8h,  88- 
per  cent   Solution,  5.55  tons.   Consumption  of  cyanide,  317  grams  per  ton  of  ore. 


Sample 
No. 


Heads. 
2 
8 
4 

5 
6 

7 


a 

o 


Hr. 

0 
2 
4 
6 
8 
10 
12 


S 


Deg. 
P. 

70 
70 
68 
68 
68 
67 
67 


£ 

Titrations 

3 

Per  Ton  of 

1 

Solution. 

i* 

< 

KCN. 

CaO. 

Lb. 

Per 
Cent 

Kg. 

5 

0.21 

1.00 

5.5 

0.37 

0.98 

1    6.5 

0.37 

0.98 

'    8 

0.87 

0.98 

8 

0.87 

0.98 

5 

0.37 

0.96 

5 

1 

0.87 

0.98 

Assays. 


Gold. 

Silver. 

Value 
(Mex.) 

Grams 

Grams 

Per  Ton. 

Per  Ton. 

8.38 

142 

19.21 

0.33 

48 

2.01 

0.25 

47 

1.88 

0.17 

41 

1.57 

0.17 

24 

0.95 

0.17 

21 

0.91 

0.17 

18 

0.81 

Extractions. 


Gold. 


Per 
Cent. 

90 

92.5 

94.3 

94.3 

94.8 

94.8 


Silver.  -Values. 


Per 
Cent 

66.2 
66.9 
71.2 
88.9 
85.2 
87.4 


Per 
Cent 

78.8 

79.6 

83 

89.7 

90.2 

91.2 


Test  No.  16,  November  29  ;  12  hours ;  1.625  tons  "La  Luz'*  mine-  and  dump-^ 
ore.  Screen-analysis :  on  lOO-mesh,  2  ;  on  200-meBh,  10 ;  through  200-me8h,  88  per 
cent     Solution,  5.29  tons. 


i  I 
Sample!  % 

No.     i  5 

bo 


Heads. 
2 
3 

4 
5 
6 
7 
8 


a 

«> 


1 

65 

2 

65 

4 

65 

6 

64 

8 

64 

10 

68 

;i2 

62 

7i 


Hr.,  Deg.  ,  Lb. 
F. 


5 
5 
8 
8 
8 
8 
8 


Titrations 

Per  Ton  of 

Solution. 


KCN.     CaO. 


Per 
Cent. 

0.24 

0.36 

0.355 

0.355 

0.355 

0.355 

0.355 


Kg. 


1.06 
0.90 
0.86 
0.86 
0.86 
0.84 
0.80 


Assays. 


Gold. 


Grams 
Per  Ton. 
3.33 
2.33 
0.42 
0.17 
0.17 
0.08 
0.08 
0.08 


Silver. 

Grams 
Per  Ton. 


Value 

(Mex.) 


142 

89.21 

145 

7.88    1 

56 

2.41    ! 

39 

1.50 

37 

1.48 

26 

0.93 

19 

0.73 

24 

0.90 

Extractions. 


Gold.' 

Per' 
Cent. 

30 

87.4 

94.9 

94.9 

97.6 

97.6 

97.6 


Silver. 

Values. 

Per 

Per 

Cent 

Cent 

14.5 

60.9 

73.9 

72.5 

88.7 

73.3 

84.5 

81.7 

85.8 

86.8 

92.1 

88.2 

90.3 

[11] 
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Test  No.  21,  Decembers  ;  12  hours  ;  1.41  tons  '*  Guanajuato  mixture."  Screen- 
analysis  :  on  100-mesh,  2 ;  on  200-me8h,  12 ;  through  200-me8h,  86  per  cent. 
.Solution,  4.244  tons.     Consumption  of  cyanide,  1,200  grams  per  ton  of  ore. 


Sample 
No. 


a 

o 

3 


iHr. 


Heads. 
2 
8 
4 
6 
6 
7 
8 


8 

a 


Deg. 

I    F. 
0  I    64 
Aft  er  con 

2 

4 

6 

8 
10 
12 


68 

63 

63 

62 

62 

62 

Lb. 

3 
centra 

4 
6 
5 
5 
6 
6 


Titrations 

Per  Ton  of 

Solution. 

KCN. 

CaO. 

Per 

fcg. 

Cent. 

0.145 

0.68 

UOD. 

0.28 

0.62 

0.28 

0.52 

0.27 

0.48 

0.27 

0.44 

0.27 

0.86 

0.26 

0.84 

Assays. 


Gold. 

Silver. 

Grams 

Grams 

Per  Ton. 

Per  Ton. 

8.42 

294 

1.8:4 

208 

0.67 

108 

0.42 

67 

0.17 

27 

0.17 

81 

0.17 

25 

0.17 

25 

Eztractions. 


Silver. 


Values. 


Ver 

Per 

Cent. 

Cent 

46.5 

81.00 

80.4 

63.8 

87.7 

77.2 

95.1 

90.8 

95.1 

89.5 

95.1 

91.6 

95.1 

91.6    , 

Per 
Cent. 

36.00 

68.8 

80.6 

92.2 

91.3 

92.7 

92.7 


Test  No.  22,  December  6 ;  12  hours ;  2.677  tons  *^  Guanajuato  mixture."  Screen- 
analysis  :  on  100-mesh,  — ;  on  200  mesh,  — ;  through  200-mesh,  84  per  cent. 
Solution,  6.367  tons.     Consumption  of  cyanide,  714  grams  per  ton  of  ore. 


Sample 
No. 


Heads. 
2 
8 
4 
5 
6 
7 


§ 

a 

Hr: 

0 
2 
4 
6 
8 
10 
12 


I 


TSegT 
F/ 

66 
65 
65 
65 
64 
64 
64 


Lb. 

4 
7 
7 
7 
8 
8 
8 


Titrations 

Per  Ton  of 

Solution. 


KCN. 

CaO. 

Per 

Kff. 

Cent. 

0.27ft 

0.96 

0.275 

0.96 

0.275 

0.94 

0.275 

0.96 

0.27 

0.96 

0.27 

0.98 

0.27 

0.98 

Assays. 


Gold. 

Silver. 

Value 
(Mez.) 

Grams 

Grams 

Per  Ton. 

Per  Ton. 

8.42 

294 

S14.24 

0.83 

149 

7.12 

0.88 

86 

8.27 

0.25 

78 

2.90 

0.17 

72 

2.61 

0.17 

68 

2.46 

0.17 

66 

2.40 

Eztractions. 


Gold. 

^ver. 
Per 

Values. 

Per 

Per 

Cent 

Cent 

Cent. 

76.7 

84.0 

50.0 

90.8 

70.8 

77.1 

92.7 

74.2 

79.6 

95.0 

75.6 

81.6 

,  95.0 

76.9 

82.7 

95.0 

77.6 

83.2 

Test  No.  24,  December  10 ;  22  hours ;  3.878  tons  **  La  Tula''  ore,  from  La  Los 
district.  Screen-analysis  :  on  100-mesh,  4  ;  on  200  mesh,  12  ;  through  200-meshy 
84  per  cent.  Solution,  6.327  tons.  Consumption  of  cyanide,  978  grams  per  ton 
of  ore. 


Sample 
No. 


Heads. 
2 
3 
4 

5 

6 

7 

8 

9 
10 
11 
12 
13 


6 
O 
"S 

S 

< 


Hr. 

0 

1 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 


2 


V    '    Titrations 
s        Per  Ton  of 
S         Solution. 


s 

i. 

a> 

< 

Deg. 

Lb. 

F. 

60 

60 

2 

60 

8 

60 

3 

60 

4 

60 

4 

60 

4 

60 

6 

59 

fi 

69 

5 

59 

5 

59 

6 

58 

6 

:3        KCN. 


Per 
Cent. 

0.335 

0.835 

0.305 

0.800 

OM 

0.35 

0.84 

O.U 

0.34 

0.33 

o.ai 

0.38 


CaO. 
Kg7 


1.00 
1.00 
1.00 
1.00 
0.98 
0.98 
0.96 
0.96 
0.98 
0.98 
0.98 
0.98 


Assays. 

Eztractions. 

Gold. 
Grams 

Silver. 

Value 
(Mez.) 

Gold. 

Silver. 

Values. 

Grams 

Per 

Per 

Per 

Per  Ton. 

Per  Ton. 

Cent 

Cent 

Cent 

21.28 

1,710 

884.73 

7.5 

1,026 

48.82 

64.8 

40.00 

48.3 

4.5 

926 

36.54 

78.9 

45.9 

56.9 

1.83 

679 

24.84 

91.4 

60.8 

70.7 

1.67 

498 

18.65 

92.2 

71.1 

78.0 

1.33 

401 

15.00 

93.8 

76.6 

82.3 

1.00 

258 

9.67 

95.8 

85.1 

88.6 

1.17 

281 

9.17 

94.6 

86.5 

89.2 

1.00 

203 

8.03 

95.8 

88.2 

90.5 

1.00 

198 

7.86 

95.8 

88.5 

90.7 

1.00 

184 

7.40 

95.8 

89.7 

91.2 

0.83 

197 

7.60 

96.1 

88.5 

91.0 

1.00 

165 

6.87 

95.3 

90.4 

91.9 

[12] 
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Test  No.  25,  December  11  ;  16  hours ;  1.909  tons  <'La  Tula''  ore.  Screen- 
analysis  :  on  100-mesh,  4 ;  on  200-me8h,  13 ;  through  200-meBh)  83  per  cent. 
Solution,  395  tons.     Consumption  of  cjanide,  800  grams  per  ton  of  ore. 


Sample 
No. 


a 
o 
•a 

< 


Heads. 
2 
8 

4 
5 
6 
7 
8 
9 


Hr. 

0 

2 

4 

6 

8 

10 

12 

14 

16 


B 


Deg. 
F. 
59 
&9 
59 
69 
58 
58 
58 
58 
67 


Lb. 

2 
8 
4 
6 
5 
5 
6 
6 
6 


Titrations 

Per  Ton  of 

Solution. 


KCN. 


Per 
Cent. 
0.88 
0.87 
0.86 
0.86 
0.85 
0.85 
0.35 
0.34 
0.34 


CaO. 

"KiT 

1.00 
1.00 
0.98 
0.98 
0.98 
0.98 
0.96 
0.96 
0.96 


Assayii. 


Gold. 


Grams 
Pep  Ton. 
14.07 
2.08 
1.17 
0.67 
0.58 
0.58 
0.58 
0.58 
0.50 


Silyer. 


Grams 
Pep  Ton. 

868 

408 

271 

187 

155 

ISl 

121 

118 

116 


Value 
(Hex.) 


180.85 
16.06 
10.50 
6.06 
5.88 
5.09 
4.76 
4.66 
4.48 


Extractions. 

Gold. 

Silver. 

Values. 

Per 

Per 

Per 

Cent 

Cent 

Cent. 

82.5 

61.7 

26.4 

47.9 

95.6 

49.2 

80.4 

95.9 

57.9 

80.9 

95.9 

64.4 

88.5 

95.9 

67.2 

84.6 

1  95.9 

67.9 

84.9 

96.5 

70.4 

85.5 

[13] 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  6?  MINING  ENGINEERS.] 


.  Electric  Mine-Hoists.^ 

BY  D.  B.  RU8HM0RE  AND  K.  A.  FAULT,  BCHENECTADT,  N.  T. 

(Pittsburg  Meeting,  March.  1910.) 

I.  Introduction. 

Of  primary  importance  in  mine-installations  is  the  hoist, 
which  has  a  very  direct  bearing  on  the  successful  operation  of 
a  mine.  Conditions  vary  greatly  with  different  mines,  and 
especially  in  different  localities.  Such  factors  as  depth,  incline, 
the  number  of  levels,  permissible  or  desirable  speeds,  conditions 
of  ore,  etc.,  are  always  more  or  less  special  in  each  case.  Veins 
of  ore  are  never  exactly  duplicated,  and  the  nature  of  the 
ground  through  which  shafts  are  sunk  may  considerably 
modify  permissible  values.  As  mining-laws  are  made  by  the 
different  States,  they  necessarily  vary  somewhat,  and,  even 
when  not  fully  observed,  they  introduce  factors  which  qualify 
the  conditions  of  hoisting  men  and  ore.  The  amount  of  tim- 
bering required  is  often  of  importance  as  relating  to  hoisting- 
conditions.  Methods  of  loading  ore  affect  the  time  required, 
as  also  does  the  question  of  the  use  of  cars  or  skips.  Safety- 
precautions  must  be  very  carefully  considered,  and  the  number 
of  men  in  each  mine,  the  number  of  compartments,  and  often 
the  method  of  removing  water  from  the  mine,  must  have  care- 
ful  consideration. 

While  a  general  discussion  of  the  subject  of  hoisting  is  pos- 
sible, most  cases  are  entirely  special,  and  can  be  considered  only 
in  connection  with  the  peculiar  conditions  pertaining  to  that 
particular  installation. 

The  cost  of  installation  of  the  hoisting-plant  may  be  an 
appreciable  amount,  while  the  cost  of  raising  the  ore  may  be 
but  a  small  part  of  the  total  operating-charge.  In  many  cases, 
however,  the  output  of  the  mine  is  limited  by  the  capacity  of 

the  hoist,  and  the  latter  thus  becomes  of  the  first  importance. 

^ ■ 

*  Presented  also,  bj  mutual  agreement,  at  the  meeting  of  the  American  Insti- 
tute of  Electrical  Engineers,  New  York,  N.  Y.,  Mar.  11,  1910. 
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Where  shafts  have  not  been  sunk  to  their  final  depths,  the  con- 
ditions of  operation  are  of  necessity  constantly  changing,  and 
it  is  impossible  to  predetermine  with  exactness  the  precise  con- 
ditions of  operation  which  will  be  followed  in  practice. 

1.  Power  for  Mines. — Power  is  used  for  drilling,  tramming, 
pumping,  ventilating,  hoisting,  compressing  air,  crushing  rock, 
and  for  many  minor  operations.  In  coal-mines,  the  washeries 
and  breakers,  and  in  metal-mines,  the  mills  and  concentrators, 
are  ordinarily  located  in  proximity  to  the  shafts.  The  problem 
of  lighting  always  exists. 

Owing  to  the  distances  between  diflFerent  points  of  applica- 
tions of  power,  not  only  the  question  of  utilization,  but  also 
that  of  transmission,  becomes  of  importance.  Three  forms  of 
power — steam,  compressed  air,  and  electricity — are  to  be  con- 
sidered. Originally,  of  course,  the  power  must  come  from  coal 
or  water-power. 

2.  Choice  of  System. — The  choice  of  the  best  system  of  hoists 
ing  in  any  particular  case  is  the  result  of  considering  carefully 
many  different  factors.  Most  important  among  these  is  the 
cost  of  operation  and  installation.  In  this  regard  the  location 
of  the  power-house  to  insure  the  best  and  cheapest  supply  of 
fuel  and  water  is  of  primary  importance.  It  is  highly  desirable 
to  group  a  large  number  of  mines,  so  that  they  may  be  sup- 
plied from  one  power-station.  As  a  rule,  mining-shafts  are  not 
well  situated  as  regards  the  supply  of  coal  and  water,  so  that 
it  is  usually  necessary  to  transmit  power  for  some  distance,  and 
this  is  best  done  by  electricity.  The  problem  then  becomes  one 
of  the  utilization  of  power,  or  the  generation  of  electricity  by 
means  of  steam-turbines  or  gas-engines.  In  metal-mining,  fuel 
is  usually  expensive,  and  often  but  little  water  is  available  at 
the  mines,  so  steam  hoisting-engines  are  generally  run  non-con- 
densing. Where  the  reverse  is  the  case,  it  is  in  most  cases 
cheaper  to  transmit  electricity  to  the  mines  than  to  pump  con- 
densing-water  there. 

8.  Efficiency  of  Steam  Plants. — Steam  hoisting-plants  are 
known  to  be  very  inefficient,  but  the  exact  figures  are  usually 
difficult  to  obtain.  With  non-condensing  engines  and  an  ex- 
tremely intermittent  load  on  both  engines  and  boilers,  the 
economy  necessarily  is  very  poor.  Steam-engines  must  be 
designed  for  starting-conditions,  where  they  take  steam  under 
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full  stroke,  and  this  necessitates  their  running  with  an  early 
cutroff  when  hoisting.  With  a  number  of  plants  close  together, 
there  is  no  way  of  returning  power  to  the  line  or  of  smoothing 
the  peaks  of  the  load.  It  is  impossible,  when  a  steam-engine 
is  used,  to  store  power  in  retardation.  There  is  also  a  limit  to 
the  depth  at  which  steam-engines  can  be  satisfactorily  placed, 
and  their  installation  in  mines  is  thus  very  undesirable. 

4.  Advantages  of  the  Electric  System. — In  many  cases  the  elec- 
tric system  of  hoisting  has  advantages  which  give  it  decided 
preference.  The  power-house  may  have  the  most  favorable  loca- 
tion— power  may  be  taken  from  some  existing  transmission- 
system,  or  a  water-power  may  be  developed  for  the  purpose. 
Power  may  be  centrally  generated  at  the  highest  efficiency,  and 
distributed  over  a  large  area.  Electricity  is  most  easily  applied 
to  all  work  on  both  the  surface  and  the  interior  of  mines.  One 
of  its  greatest  advantages  in  practice  is  the  ease  of  making  ex- 
tensions to  the  development.  With  one  station  and  many  indi- 
vidual loads,  an  overlapping  of  peaks  occurs,  and  a  consequent 
reduction  in  boiler-  and  generating-capacity  is  effected.  The 
cost  of  installation  and  operation  is  much  reduced,  a  much  im- 
proved load-factor  results  and  fewer  operators  are  required. 

For  underground  pumping  .and  tramming,  and  where  the 
hoists  are  located  in  the  mine,  electricity  has  every  advantage. 
For  use  with  electric  hoists,  safety-devices  have  been  developed 
which  prevent  overwinding  and  which  also  limit  the  accelera- 
tion. Power  can  be  returned  to  the  system  in  braking  and  in 
lowering  unbalanced,  and  a  much  higher  fuel-economy  can  be 
obtained. 

The  use  of  hoists  operated  by  compressed  air  has  long  been 
considered,  and  at  present  some  installations  are  being  made. 
With  the  usual  features  of  such  equipment,  it  is  necessary  to 
cool  the  air  during  compression  and  to  reheat  it  before  use.  In 
general,  serious  questions  would  arise  concerning  the  efficiency 
of  any  system  using  compressed  air  for  hoisting.  The  efficiency 
of  an  electric  hoisting-system  is  not  open  to  question,  and  can 
be  figured  with  exactness.  There  is  no  reason  why  advocates 
of  compressed-air  systems  should  not  be  required  to  give  the 
same  guarantees  and  to  state  positively  just  what  efficiency  they 
are  sure  of  obtaining. 
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II.  Motor  Characteristics. 


Large  electric  mine-hoists  are  almost  universally  driven  either 
by  shunt-wound  direct-current  motors  or  polyphase  induction- 
motors,  the  characteristics  of  which  especially  adapt  them  to 
meet  the  peculiar  conditions  imposed.  While  in  many  of  their 
characteristics  these  two  types  of  motor  are  similar,  they  diflfer 
widely  in  others,  which  are  of  more  or  less  importance,  depend- 
ing upon  special  conditions  of  individual  cases. 

Pig.  1  gives  the  eflBiciencies,  currents,  and  speeds  of  the  directs 
current  shunt-motor  at  various  loads  for  constant  impressed 
voltage,  and  Fig.  2  gives  similar  curves  for  the  induction-motor, 
to  which  is  added  the  power-factor  curve.  By  reference  to  these 
curves  it  will  be  seen  that  the  free-running  speed  of  each  motor 
is  limited,  and  that  the  variations  in  speed  with  changes  in  load 
are  small ;  that  each  becomes  a  generator  when  driven  above 
speed,  and  may  therefore  be  used  as  a  brake  when  lowering  un- 
balanced loads,  returning  power  to  the  supply-system  ;*  that  the 
efficiencies  of  both  when  operating  either  as  motor  or  generator 
are  virtually  the  same  for  corresponding  loads. 

The  speed  of  the  shunt-motor  for  a  given  load  may  be  varied 
between  standstill  and  full  speed  either  by  changing  the  poten- 
tial of  the  supply-system,  or  by  inserting  resistance  in  series 
with  its  armature.  However,  because  of  the  inefficiency  of  this 
latter  method  of  control,  it  is  seldom,  if  ever,  used  in  connection 
with  large  hoist-motors.  The  only  practical  method  of  obtain- 
ing a  similar  variation  in  the  speed  of  an  induction-motor  is  by 
changing  the  amount  of  resistance  connected  in  its  armature 
circuit.  Pig.  3  shows  the  efficiencies  of  the  shunt-motor  at 
various  speeds  when  exerting  full-load  torque,  the  variations  in 
speed  being  obtained  by  voltage-control,  and  the  efficiencies  of 
the  induction-motor  being  under  similar  conditions,  except  that 
in  this  case  the  variations  in  speed  are  obtained  by  armature 
rheostatic  control.  By  reference  to  the  curves  it  will  be  seen 
that  for  a  given  torque,  the  efficiency-curve  of  the  shunt-motor 
at  reduced  speeds  resembles  that  for  the  constant-speed  motor 
at  reduced  loads,  while  the  efficiency-curve  of  the  induction- 
motor  is  a  straight  line  between  full-load  efficiency  and  speed, 
and  zero  efficiency  and  speed.  From  this  it  follows  that,  for  a 
given  value  of  torque,  the  input  to  the  shunt-motor  at  reduced 
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speeds,  except  for  very  low  speeds,  is  approximately  propor- 
tional to  the  speed,  while  the  input  to  the  induction-motor  is 
constant  and  independent  of  the  speed.  It  will  also  be  noted 
that  the  shunt-motor  may  be  driven  as  a  generator  at  reduced 
speeds,  while  the  induction-motor  can  be  made  to  generate  only 
when  driven  above  synchronous  speed.  Where  the  conditions 
are  such  that  it  is  desirable  to  drive  the  hoist  at  reduced  speeds 
for  any  considerable  lengths  of  time,  the  efficiency  of  the  induc- 
tion-motor drive  may  be  improved  by  using  a  motor  designed 
for  two  speeds,  or  by  using  a  concatenated  set,  but  the  advan- 
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Fig.  3.— Eppicibnct-Cubvbs  of  Shunt-Motor  at  Vabioub  Speeds. 

tages  gained  are  seldom  sufficient  to  off-set  the  increased  first- 
cost  and  the  necessary  complication  of  the  control. 

The  number  of  poles,  and  therefore  the  diameter,  of  an  in- 
duction-motor is  determined  by  its  speed  and  the  frequency  of 
the  supply-system,  the  number  of  poles  varying  inversely  as  the 
speed  for  a  given  frequency,  while  the  frequency  of  the  electro- 
motive force  generated  in  the  armature  of  a  direct-current 
motor  is  independent  of  the  supply-system.  While  this  is  of 
little  importance  in  the  designing  of  motors  of  moderate  speed 
for  gearing,  it  permits  of  a  better  proportioning  of  the  length 
and  diameter  of  shuntrmotors  of  very  slow  speed  than  is  possible 
in  the  case  of  similar  induction-motors  for  direct  connection, 
especially  where  the  frequency  of  the  supply-system  is  60  cycles. 
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As  pointed  out,  the  efficient  speed-control  of  the  shunt-motor 
is  only  obtained  by  varying  the  voltage  of  the  supply-system, 
the  usual  method  being  to  provide  a  generator  for  each  motor 
and  to  vary  the  generated  potential.  As  mine-shafts  are  usu- 
ally scattered  over  a  considerable  area,  and  the  conditions  in 
close  proximity  to  the  shafts  are  not  such  as  to  permit  of  the 
economical  generation  of  electric  power,  the  central  electric 
station  is  usually  placed  at  a  considerable  distance  from  the 
hoists.  The  power  is  generated  and  transmitted  to  the  mines 
as  alternating  current,  and  is  then  transformed  at  each  shaft 
into  direct  current  by  motor-generator  sets.  The  losses  caused 
therein  must  be  charged  against  the  shunt-motor  when  corn- 
pairing  its  efficiency  with  that  of  the  induction-motor,  which 
may  be  connected  either  directly  or  through  highly-efficient 
static  transformers  with  the  alternating-current  distributing- 
system.  The  torque  and  current  for  the  two  types  of  motor 
are  approximately  proportional  within  their  operating-limits. 

m.  Hoist  Load-Diagrams. 

Before  discussing  the  various  systems  of  electric  hoisting  it 
will  be  well  to  consider  the  nature  of  a  mine-hoist  load.  Mine- 
hoists  may  be  divided  into  six  types,  depending  upon  whether 
the  rope  is  wound  on  a  reel,  a  cylindrical  drum,  a  conical 
drum,  a  cylindro-conical  drum.  Whiting  drums,  or  carried  over 
a  Koepe  disk,  the  choice  of  any  particular  type  depending 
largely  upon  the  depth  of  shaft,  the  maximum  permissible 
hoisting-speed,  the  location  of  the  hoist  with  respect  to  the 
shaft,  the  number  of  levels  which  are  being  worked  simultane- 
ously, and  whether  or  not  the  shaft-conditions  permit  the  use 
of  a  tail-rope. 

The  hoists  are  generally  operated  in  balance;  that  is,  the 
weight  of  the  skip  (or  cage  and  car,  as  the  case  may  be)  carry- 
ing the  ore  is  balanced  by  a  similar  empty  skip,  which  is 
lowered  in  a  second  compartment  simultaneously  with  the 
hoisting  of  the  loaded  skip  in  the  first,  the  loaded  skip  being 
dumped  at  the  top  and  the  empty  one  loaded  at  the  bottom, 
and  the  cycle  then  repeated.  To  permit  of  adjustment  of  the 
length  of  the  ropes  for  hoisting  from  different  levels,  it  is  cus- 
tomary to  use  two  reels  or  drums  mounted  on  the  same  shaft, 
one  being  keyed  to  the  shaft  and  the  other  being  driven  by  it 
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through  some  form  of  clutch.  The  length  of  rope  on  the 
Koepe  disk-hoist  or  the  Whiting  hoist  cannot  conveniently  be 
adjusted  for  different  levels  except  within  very  small  limits. 

For  the  purpose  of  comparing  the  load-diagrams  of  the  dif- 
ferent types,  each  hoist  is  assumed  to  lift  8,000  lb.  of  ore  in  a 
skip  weighing  5,000  lb.,  from  a  vertical  depth  of  2,500  ft.,  at 
an  average  speed  of  2,000  ft.  per  minute,  allowing  20  sec.  for 
acceleration  and  15  sec.  for  retardation.  The  rope  for  the  reel- 
hoist  is  assumed  to  be  0.5  by  5  in.,  weighing  4J  lb.  per  foot, 
and  that  for  the  others  If-in.  round  steel  rope,  weighing  3  lb. 
per  foot. 

1.  Red-Hoist — As  its  name  indicates,  the  reel-hoist  consists 
of  two  large  reels  on  which  the  rope  supporting  the  skips  is 
wound  in  a  spiral,  the  distance  between  the  flanges  of  the  reels 
being  approximately  equal  to  the  width  of  the  flat  rope  used. 
The  reel-hoist  is  generally  used  where  it  is  necessary  to  place 
the  hoist  very  close  to  the  shaft.  As  the  minimum  diameter  of 
the  reel,  usually  from  5  to  8  ft.,  is  limited,  and  as  its  maximum 
diameter  is  determined  by  the  thickness  and  length  of  the  rope, 
the  depth  from  which  hoisting  may  be  done  at  a  given  average 
speed  by  reel-hoists  is  governed  by  the  maximum  permissible 
hoisting-speed. 

Let  us  assume  that  the  loaded  skip  is  at  the  bottom  of  the 
shaft  and  that  the  empty  skip  is  at  the  top.  Then  the  length, 
La^  of  the  ascending  rope  with  the  skip  at  any  point  in  the  shaft 
may  be  obtained  from  the  equation 

ia  =  -D  —  2nar^  —  7ta*6, 

and  its  moment,  Jtf,  about  the  drum-shaft  by 

M^=^{P —  2  a  7t  Ti  —  na^h)rn  cos  4), 

in  which  D  =  depth  of  shaft ;  h  =  thickness  of  the  rope ;  n  = 
the  weight  of  the  rope  per  foot;  ri=  the  radius  of  the  rope  on 
the  reel  when  the  skip  is  at  the  bottom  of  the  shaft ;  a  =  the 
number  of  turns  of  the  reel  in  raising  the  skip  from  the  bottom 
of  the  shaft  to  the  point  in  question ;  r  =  fj  +  a  6  =  the  radius 
of  the  rope  on  the  reel  after  a  turns ;  and  4>  =  the  angle  which 
the  shaft  makes  with  the  vertical. 
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The  moment  of  the  ascending  load  is  obtained  from  the 
equation 

]lf^  =  {Wi+  Tr,)rcos<^, 

where  T^  =  the  weight  of  the  skip  (or  cage  and  car,  as  the  case 
may  be);  and  W^  =  the  weight  of  the  ore. 

Plotting  Ml  and  J!f,  against  revolutions  of  the  reel,  we  obtain 
curves  M^  and  JHf,  in  Fig,  4. 

The  moment  JIf/  of  the  descending  rope  may  be  plotted  from 
the  values  obtained  for  the  ascending  rope,  by  simply  assuming 
the  center  of  co-ordinates  in  Fig.  4  transferred  from  the  left  to 
the  right  side  of  the  curves,  turn  No.  10  of  the  descending  load 
corresponding  to  turn  No.  81  of  the  ascending  load,  etc. 

Similarly,  the  moment  JHf/  of  the  descending  load  may  be 
obtained  by  substituting  TT/  for  W^  +Wtin  the  equation  for 
JIf,,  and  plotting  as  directed  for  the  descending  rope. 

Moments  J!f/  and  J!f/  are  plotted  below  the  reference-line, 
since  their  tendency  to  rotate  the  reel  is  opposed  to  that  of  M^ 
and  M^, 

Denoting  the  moment  of  the  total  friction  and  windage  by 
Mf^  the  resultant  moment  Mq  of  the  ascending  ore-skip,  rope, 
and  friction,  and  the  descending  skip  and  rope,  is  expressed  by 
Mo  =  -Mj  -1-  JIf,  —  Mi^  —  J!f/  +  Mf^  which  is  the  moment  of  the 
force,  or  the  torque  which  must  be  applied  to  the  reel  to  raise 
the  ore. 

The  moment  M/  of  the  friction  is  extremely  difficult  to  ob- 
tain, and  varies  considerably  with  local  conditions,  but  it  is 
usually  assumed  to  be  approximately  15  per  cent  of  the  aver- 
age value  of  M  +  M^  —  JIf/  —  M/. 

During  the  period  of  acceleration,  a  force  additional  to  that 
required  to  raise  the  load  and  overcome  friction  must  be  ap- 
plied to  the  reel  for  accelerating  the  reels,  ropes,  etc.  Assum- 
ing a  uniform  rate  of  acceleration,  the  moment  M^  of  the  force 
necessary  for  accelerating  the  ascending  load,  rope,  and  one 
reel  and  clutch,  may  be  determined  from  the  equation. 

where  2  1^  =  the  sum  of  the  weights  of  the  skip,  ore,  rope, 
one  reel  and  clutch,  and  sheave,  reduced  to  a  common  radius 
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of  gyration,  p;  S=  the  speed  at  the  end  of  the  radius  of  gyra- 
tion in  feet  per  second  at  the  end  of  acceleration;  g  =  82.2, 
and  ta  the  time  of  acceleration  in  seconds. 

Similarly,  the  moment  3f^'  of  the  force  required  for  acceler- 
ating the  descending  skip,  rope,  etc.,  may  be  found  from  the 
equation 

where  j?  W  =  the  sum  of  the  weights  of  the  descending  skip, 
rope,  reel,  and  sheave,  reduced  to  the  radius  of  gyration,  p. 

S=  2np  By 

where  i?  =  the  revolutions  of  the  reel  per  second  at  full  speed. 
When  the  time  allowed  for  making  one  complete  trip  is 
given,  JR  may  be  found  from  the  following  equation 


6^ 
Ii  = ^, ^X 


T—.b{ia+tr) 


Where  T=  total  time  of  lift  in  seconds  (not  including  time 
for  loading  or  dumping), 

^a=  time  for  acceleration  in  seconds, 

tr  =  time  for  retardation  in  seconds. 

At  the  end  of  the  cycle  all  of  the  energy  stored  in  the  revolv- 
ing parts  of  the  hoist  and  its  load  is  returned  as  the  load  is 
brought  to  rest.  The  moments  Jf^  and  M/  of  the  retarding- 
forces  may  be  found  from  the  expressions  for  JIf,  and  Jlf,%  re- 
spectively, substituting  for  2  W  ^^^  2  ^'  ^®  corresponding 
weights  at  the  beginning  of  retardation. 

Throughout  the  cycle  there  is  a  gradual  increase  in  the  speed 
of  the  ascending  ore-skip  and  unwound  rope,  and  a  similar 
decrease  in  the  speed  of  the  descending  skip  and  unwound 
rope,  but  the  accelerating-  and  retarding-forces  are  small  and 
their  moments  may  be  neglected. 

The  resultant  moments  Jfj^  and  3f^  during  the  periods  of 
acceleration  and  retardation  respectively  are  expressed  by  the 
equations 
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Mj,=  M,  +  M,  +  Jlf,  +  M/  +  M,  —  AT/—  Jf/ ; 
M^=M^  +  M,+  Mr  —  M^  —  M^'  —  M^  —  Mo'. 

Mj^^  Mo  Mb,  of  Fig.  4  is  the  resultant  moment-diagram  for 
balanced  hoisting  under  the  conditions  assumed. 

While  hoists  are  generally  operated  in  balance,  it  is  frequently 
necessary  to  run  them  unbalanced  for  short  periods  while  re- 
pairs are  being  made.  The  momentrdiagram  M^MqMb,  for 
unbalanced  hoisting  is  obtained  from  the  equations 

The  speed  of  the  ascending  or  descending  skips  in  feet  per 
minute  at  any  point  may  be  obtained  from  the  equation 

y  =  120  7t  r  i?. 

2.  Q/Ujidrical-Drum  Hoists. — The  cylindrical-drum  hoist  is  the 
type  almost  universally  used  for  comparatively  shallow  shafts, 
and  very  jfrequently  for  the  deeper  ones.  It  consists  of  two 
cylindrical  drums,  upon  which  the  rope  is  wound  in  one  or 
more  layers,  the  diameters  of  the  drums  varying  from  5  or  6  ft 
to  25  feet. 

The  general  equations  for  determining  the  several  moments 
which  make  up  the  reel-moment  diagram  are  made  applicable 
to  the  cylindrical-drum  hoist  by  simply  making  b  equal  to  zero. 

For  the  cylindrical  drum, 


2nr^   T—.b{ta+tr) 

The  moment-diagrams  for  the  cylindrical-drum  hoist  are  shown 
in  Fig.  5.  The  notches  in  the  diagram  are  due  to  the  increase 
in  diameter  of  the  drum  with  each  layer  of  rope. 
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By  reference  to  the  figure,  it  will  be  Been  that  Mq^  the  result- 
ant moment  of  the  ore-skips  and  ropes,  is  very  large  at  the  first 
part  of  the  cycle  and  decreases  very  rapidly  towards  the  end  of 
the  cycle,  this  being  due  to  the  influences  of  M^  and  JIf/,  the 
moments  of  the  rope.  This  difference  in  Mq  at  the  beginning 
and  at  the  end  of  the  cycle  increases  with  the  depth  of  the  shaft, 
the  weight  of  ore  per  trip  remaining  constant ;  or  for  the  same 
depth  of  shaft  with  redactions  in  the  weight  of  ore  hoisted, 
Mq  often  becoming  partly  zero  or  negative  towards  the  end  of 
the  cycle.  The  harmful  effect  of  this  extreme  variation  in 
Mq  is  two-fold.  First,  the  engine  must  be  larger  than  other- 
wise necessary,  in  order  to  start  the  hoist,  and  second,  it  oper- 
ates at  an  inefficient  cutroff  at  the  end  of  the  cycle.  To  reduce 
this  variation  in  Mq  at  the  beginning  and  at  the  end  of  the 
cycle,  the  conical  drum  has  been  introduced. 

8.  ConicalrDrum  Hoists. — In  the  conical-drum  hoists,  the  ropes 
are  wound  in  single  layers  on  two  large  cones,  the  rope  being 
wound  from  the  small  to  the  large  end  of  the  cone.  The 
method  of  determining  the  moment-diagrams  is  the  same  as  for 
the  reel-hoist,  making  h  equal  to  the  increase  in  the  radius  of 
the  cone  for  one  turn  of  the  rope.  By  reference  to  Fig.  6, 
which  shows  the  moment-diagrams  for  the  conical-drum  hoist, 
it  will  be  noted  that  the  unbalancing  due  to  the  rope  in  the  shaft 
has  been  entirely  compensated  for ;  in  fact,  Mq  actually  increases 
towards  the  end  of  the  cycle.  By  varying  the  angle  of  the  cone, 
3fomay  be  made  to  increase  or  decrease  towards  the  end  of  the 
cycle,  or  remain  practically  constant. 

4.  Q/lindr<hC(mical  Drum  Hoist. — The  use  of  the  conical  drum, 
as  was  the  case  with  the  reel,  is  limited  to  comparatively  shallow 
shafts.  For  depths  below  which  the  use  of  the  conical  drum  is 
impracticable,  it  is  necessary  to  compromise,  using  a  drum 
which,  as  its  name  indicates,  is  a  combination  of  cone  and 
cylinder.  The  rope  is  wound  from  the  small  end  of  the  cone 
over  the  conical  part  of  the  drum  in  a  single  layer ;  then  on  to 
the  cylindrical  portion  in  one  or  more  layers,  depending  upon 
the  length  of  the  rope.  The  load-diagram  is  readily  obtained  by 
dividing  the  cycle  into  two  parts,  and  treating  the  conical  and 
cylindrical  portions  of  the  drum  separately,  determining  the 
moments  over  the  conical  part  as  directed  for  the  conical-drum 
hoist,  and  over  the  cylindrical  portion  as  directed  for  the  cylin- 
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drical-dram  hoist.  The  moment-diagram,  Fig.  7,  shows  very 
clearly  the  effect  of  the  conical  portion  of  the  drum,  although 
the  improvement  in  shape  of  the  moment^^urve,  over  that  for 
the  cylindrical  drum,  is  not  so  marked  as  it  is  for  greater  depths 
of  shaft. 
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5.  TaUrRope. — The  skips  or  cages  are  sometimes  connected 
hy  a  tail-rope,  which  passes  over  a  sheave  at  the  bottom  of  the 
shaft,  thus  making  the  total  weight  of  the  ascending  and  de- 
scending ropes  the  same,  independent  of  the  location  of  the 
cages  in  the  shaft.  The  effect  of  the  addition  of  the  tail-rope 
is  shown  in  Fig.  5,  L^  Lq  L^  being  the  moment-diagram  re- 
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suiting  from  the  addition  of  a  tail-rope  te  the  cylindrical-drum 
hoist,  which  otherwise  remains  unchanged. 

6.  Koepe  Disk- Hoist. — ^A  type  of  hoist  very  common  through- 
out Europe,  but  which  has  never  been  installed  in  America,  is 
that  known  as  the  Koepe  disk-hoist,  which  consists  simply  of  a 
large  grooved  wheel  over  which  the  rope  passes  once,  the  fric- 
tion between  the  disk  and  the  rope  being  sufficient  to  move  the 
cages  or  skips  in  the  shaft.  Hoists  of  this  type  are  always 
operated  in  balance  and  a  tail-rope  is  used  with  them.  They 
are  not  well  adapted  for  hoisting  from  several  levels,  because 
of  the  fixed  position  of  the  cages  or  skips,  which  can  be 
changed  only  with  difficulty  to  correspond  with  different  levels. 
The  moment^diagram  of  this  type  of  hoist  is  similar  to  that  of 
the  cylindrical-drum  hoist  with  a  tail-rope,  except  that  b^  will 
be  a  horizontal  line,  the  notches  due  to  the  different  layers  of 
rope  on  the  drum  not  being  present  in  the  Koepe  disk-hoist 
diagram. 

7.  Whiting  Hoist — ^In  order  to  increase  the  arc  of  contact 
between  the  rope  and  the  wheel,  Mr.  Whiting  substituted  two 
narrow  drums  for  the  Koepe  disk,  the  drums  being  placed  one 
directly  in  front  of  the  other,  and  the  rope  being  passed  four 
or  five  times  over  both  drums.  For  the  purpose  of  taking  up 
the  stretch  in  the  rope  and  making  small  adjustments  of  the 
cages,  one  side  q{  the  rope  is  carried  back  over  a  movable 
sheave  mounted  on  a  carriage  resting  on  rails,  the  adjustments 
being  made  by  changing  the  position  of  the  carriage.  Whiting 
hoists  are  always  operated  in  balance  and  seldom,  if  ever,  with- 
out a  tail-rope.  The  moment-diagram  is  exactly  similar  to  that 
of  the  Koepe  disk-hoist. 

The  moment-diagrams  may  be  transformed  into  horse-power- 
time  diagrams  by  the  use  of  the  equation 

,  27tMR 

horse-power  =  -    ^^jr — , 

550 

where  M=  the  moment  in  pound-feet  and  B  =  revolutions  of 
the  drum  per  second. 

The  horse-power  diagrams  corresponding  to  the  moment- 
diagrams  of  Figs.  4,  5,  6,  and  7  are  shown  in  Fig.  8,  the  curves 
for  the  balanced  hoisting  only  being  shown.   Attention  is  called 
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to  the  differeDce  in  the  heights  of  the  peaks  during  accleration, 
the  magnitude  of  these  peaks  having  an  important  influence 
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Fig.  8. — Hobae-Powbb  Diagram  fob  Balai^ced  Hoisting. 


on  the  design  of  a  motor  for  driving  the  hoist,  its  efficiency  for 
the  complete  cycle,  and  the  cost  of  power,  if  power  is  purchased. 

[19] 


386  BLECTRIC   MINB-HOISTS. 

IV.  Ststbms  of  Electric  Hoisting. 

The  early  application  of  electric  power  to  mine-hoiflting  was 
confined  to  small  hoists,  moving  cars  on  inclines,  or  hoisting 
light  loads  vertically  from  comparatively  short  depths.  The 
complete  success  of  these  early  installations  led  to  the  use  of 
electric  motors  for  winding  from  greater  depths,  until  to-day 
ore  is  hoisted  by  electric  power  from  some  of  the  deepest 
mines  in  the  world.  The  use  of  electric  motors  for  driving  the 
hoists  permits  of  the  substitution  of  a  large  central  electric 
generating-station,  which  operates  at  a  comparatively  high 
load-factor,  and  which  is  placed  where  the  conditions  are  more 
favorable  for  the  economical  development  of  power  than  they 
are  at  the  mines,  in  place  of  isolated  steam-plants  located  at 
the  shafts,  where  condensing-water  is  seldom  available  and 
where  fuel  is  often  expensive.  The  speed  of  the  hoist-motor 
when  lowering  unbalanced  loads  is  automatically  limited  to 
approximately  the  hoisting-speed.  Safety-devices  in  the  nature 
of  limit^switches  can  readily  be  applied  to  prevent  overwind- 
ing, and  the  acceleration  of  the  hoist  is  made  automatic;  all  of 
which  tend  to  minimize  the  possibility  of  accident  resulting 
from  carelessness  on  the  part  of  the  operator.  Not  only  is  the 
speed  limited  when  lowering  unbalanced,  but  a  large  part  ot 
the  energy,  which  with  the  steam-driven  hoist  is  absorbed  by 
the  brakes,  is  returned  to  the  electric  supply-system,  thereby 
improving  the  economy  of  operation  and  reducing  the  wear  on 
the  mechanical  brakes. 

Many  systems  of  electric  hoisting  have  been  proposed,  each 
with  the  view  of  meeting  some  peculiar  condition,  or  eliminat- 
ing some  real  or  apparent  objection  in  the  others,  but  virtually 
all  the  installations  are  confined  to  four  systems,  shown  in 
Figs.  9,  12,  15,  and  20.  To  assist  in  the  comparison  of  the 
several  systems,  the  authors  have  assumed  a  hoisting-cycle,  for 
both  balanced  and  unbalanced  operation,  and  have  calculated 
the  current  and  power  taken  by  each  system  under  the  condi- 
tions assumed. 

The  first  and  simplest  system  is  shown  in  Fig.  9,  and  con- 
sists of  a  polyphase  induction-motor,  direct  connected  or  geared 
to  the  hoistrdrum.  The  speed  of  the  motor  is  controlled  by  a 
variable  resistance  in  its  rotor  circuit,  which,  because  of  the 
magnitude  of  the  currents  involved,  is  usually  some  form  of 
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water-rheoBtat.  A  common  type  of  water-rheostat  consists  of 
a  tank,  usually  of  boiler-plate  riveted  together,  and  divided 
into  two  compartments:  one  the  rheostat  proper,  and  the  other 
a  cooling-tank.  The  electrolyte  is  pumped  from  the  cooling- 
tank  into  the  rheostat  proper,  entering  at  the  bottom  of  the 
rheostat  and  flowing  out  over  the  top  of  an  adjustable  weir, 
back  into  the  cooling-tank.  The  resistance  in  the  rotor  circuit 
is  varied  by  changing  the  height  of  the  electrolyte  in  the 
rheostat  proper  by  means  of  the  adjustable  weir.  The  elec- 
trodes are  usually  thin  iron  plates  hung  on  insulators,  all  phases 


1,  2.  Line  switcheH.  3,  4,  5,  6,  7.  Safety  switches  for  preventing  overwinding 
and  stopping  the  hoist.  8.  Hoist  motor.  9.  Reversing  switch.  10.  Liquid  con- 
troller.    11.  Automatic  brake. 

Fig.  9. — Induction  Motor  System. 

being  in  the  same  compartment.  At  least  one  electrode  per 
phase  is  of  extra  length,  extending  below  the  lowest  level  of 
the  liquid,  in  order  to  prevent  the  rotor  circuit  from  being 
opened.  The  most  common  form  of  electrolyte  is  a  simple  salt 
solution.  The  control  of  the  rheostat  is  by  means  of  a  lever 
located  on  the  operating-stand. 

Figs.  10  and  11  give  the  current-  and  power-curves  for  one 
complete  balanced  and  unbalanced  cycle,  respectively.  Fre- 
quently the  cage  is  moved  a  few  feet  only,  to  obtain  a  proper 
setting  of  the  cage  or  skip.  The  power  taken  for  such  short 
movements  is  shown  by  the  right-hand  curves  of  Fig.  10.     In 
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these  curves,  as  well  as  in  those  which  apply  to  the  other  sys- 
temsy  power  delivered  to  the  hoist  is  shown  above  the  reference- 
line,  and  that  returned  by  the  hoist,  below  it. 

By  reference  to  the  curves,  it  will  be  noted  that  the  horse- 
power and  current  taken  by  the  motor  are  constant  during  the 
period  of  acceleration ;  that  the  efficiency  for  this  period  is  very 
low,  approximately  45  per  cent ;  that  no  power  is  returned  to 
the  supply-system  during  the  period  of  retardation ;  and  that 


Fig.  10.— Cubbent-  xsd  Powier-Cubves  op  a  Balanctd  Ctglb  op  the 

System  Shown  in  Fia.  9. 


the  power-consumption  for  small  movements  of  the  cage  or  skip 
is  very  large.  On  the  other  hand,  the  efficiency  during  the 
period  when  the  hoist  is  running  at  full  speed  is  high,  approxi- 
mately 90  per  cent.,  and  no  power  is  consumed  while  the  hoist 
is  at  rest. 

The  efficiency  over  the  complete  cycle  obviously  decreases 
rapidly  with  a  decrease  in  the  time  during  which  the  hoist  is 
driven  at  full  speed.   It  follows  from  this  that  when  hoisting  is 
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to  be  done  from  several  levels,  the  efficiency  at  the  maximum 
depth  alone  cannot  be  used  as  a  basis  for  comparing  the  hoist 
driven  by  the  induction-motor  with  other  systems.  The  effi- 
ciency of  the  cycle  increases  with  an  increased  rate  of  accelera- 
tion, from  which  it  follows  that  an  induction-motor  for  hoisting 
should  be  designed  for  a  high  maximum  output  to  permit  of  a 
rapid  acceleration. 

The  power  returned  to  the  system  when  lowering  the  empty 
skip  unbalanced  is  shown  by  the  right-hand  curves  of  Fig.  11. 


1,  2.  Line  switches.  3,  4.  Controller  and  resistance,  induction  motor.  5,  6. 
Tirrill  regulator  and  rheostat  for  exciter.  7,  8,  9.  Motor-generator  set.  10.  Com- 
mutating  pole  and  compensating  field  winding.  11.  Safety  device .  12.  Hoist 
motor.  13.  Circait  breaker.  14,  15,  16,  17.  Rheostat  and  controller  for  gener- 
ator and  hoist  motor.     18.  Automatic  brake  solenoid. 

Fig.  12. — Synchronous  Motob-Oenebatob  System. 


A  comparison  of  the  power  taken  by  the  motor  in  hoisting  the 
loaded  skip  with  that  returned  when  it  is  lowered  empty,  shows 
that  approximately  20  per  cent,  of  the  power  taken  for  hoisting 
is  returned  in  lowering. 

The- second  system  is  that  shown  in  Pig.  12.  In  this  system 
the  hoist  is  driven  by  a  direct^current  shunt-wound  motor, 
receiving  power  from  the  alternating-current  supply-system 
through  a  synchronous  or  induction-motor-generator  set.  The 
hoist-motor  is  controlled  by  varying  the  voltage  of  the  gener- 
ator, which  is  separately  excited,  one  generator  being  used  for 
each  motor. 
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The  power-  and  current-curves  for  the  balanced  and  unbal- 
anced cycle  are  shown  in  Figs.  18  and  14,  respectively.  These 
curves  show  that  the  power  consumed  during  acceleration  is 
much  smaller  than  for  the  induction  hoist-motor,  the  efficiency 
then  being  approximately  80  per  cent.,  and  that  a  considerable 
part  of  the  energy  stored  in  the  revolving  parts  of  the  hoist  is 
returned  to  the  supply-system  as  the  hoist  is  brought  to  rest. 
On  the  other  hand,  the  efficiency  when  the  hoist-motor  is  run- 
ning at  full  speed  is  lower  than  that  for  the  induction  hoist- 
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motor,  being  approximately  82  per  cent,  and  the  losses  of  the 
motor-generator  set  when  running  light  must  be  supplied  during 
the  time  when  the  hoist  is  at  rest.  In  view  of  the  fact  that  a 
mine-hoist  is  idle  50  per  cent,  or  more  of  the  time  under  ordi- 
nary conditions,  this  is  an  item  in  the  total  power-consumption 
which  cannot  be  neglected.  It  follows,  from  what  has  been 
stated,  that  the  advantage  of  the  direct-current  hoist-motor 
over  the  induction  hoistrmotor  in  the  efficiency  through  the 
complete  cycle  is  greatest  for  short  lifts,  in  which  case  the 
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period  of  acceleration  is  a  large  percentage  of  the  total  cycle, 
and  the  time  daring  which  the  hoist  is  idle  is  a  minimum. 

By  reference  to  the  curves  of  Fig.  14,  it  will  be  seen  that 
approximately  30  per  cent,  of  the  power  consumed  in  hoisting 
the  ore  unbalanced  is  returned  to  the  system  when  the  skip  is 
lowered. 

No  definite  rule  can  be  laid  down  by  which  a  choice  can  be 
made  between  the  systems,  each  having  advantages  and  dis- 
advantages peculiar  to  itself  which  have  a  more  or  less  impor- 
tant bearing  on  the  choice,  depending  upon  the  special  condi- 
tions of  the  individual  problem.  The  first  system  has  the  ad- 
vantages of  low  first>cost  and  simplicity,  but  is  often  at  a  dis- 
advantage in  respect  to  eflSlciency.  On  the  other  hand,  the 
higher  efficiency  of  the  second  system  is  frequently  more  than 
ofiT-set  by  its  increased  firstrcost  and  its  greater  cost  of  mainte- 
nance. 

Both  systems  are  open  to  the  objection  that  the  power  drawn 
from  the  supply-system  fluctuates  between  very  wide  limits 
during  each  cycle,  generally  reaching  a  maximum  during 
acceleration,'  becoming  negative  during  retardation  for  the 
second  system,  zero,  or  practically  so,  at  the  end  of  the  cycle, 
and  negative  when  lowering  unbalanced  for  both  systems.  The 
effect  of  this  wide  fluctuation  in  the  load  during  each  cycle  is 
to  impair  seriously  the  voltage-regulation  of  the  supply-system 
unless  its  capacity  is  large  as  compared  with  the  fluctuations, 
or  unless  the  number  of  hoists  driven  from  the  same  system  is 
sufficient  to  produce  a  fairly-uniform  load,  which  is  seldom  the 
case  for  a  mine  power-system.  Also,  if  power  is  purchased, 
the  price  is  usually  made  up  of  two  components :  one  based  on 
the  total  kilowatt-hours  consumed,  and  the  other  on  the  maxi- 
mum demand. 

It  therefore  becomes  necessary  in  most  cases  to  provide  some 
means  whereby  power  may  be  taken  from  the  supply-system 
and  stored  during  the  portion  of  the  cycle  when  the  demand 
for  power  is  less  than  the  average,  and  returned  when  the  de- 
mand exceeds  the  average. 

Fig.  16  shows  such  a  system,  the  third,  in  which  advantage 
is  taken  of  the  low  first-cost  and  efficiency  of  the  fly-wheel  as  a 
means  for  storing  and  returning  large  quantities  of  power  for 
short  intervals.     This  system  is  similar  to  the  second,  except 
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for  the  addition  of  a  fly-wheel  to  the  induction  motor-generator 
set,  and  an  automatic  regulator  for  varying  its  speed.  In  its 
most  common  form,  this  regulator  consists  of  a  water-rheostat 
connected  in  series  with  the  induction-motor  armature.  The 
resistance  is  varied  by  means  of  movable  electrodes  suspended 
from  an  arm  mounted  on  the  shaft  of  an  induction-motor, 
which  is  connected  in  series,  either  directly  or  through  series 
transformers,  with  the  induction-motor  of  the  fly-wheel  set 
The  regulator-motor  is  so  connected  that  its  torque  opposes  the 
weight  of  the  electrodes,  which  are  partly  counterbalanced  to 


ff 


1 


To  Xo  Voltage  Trip 


1,  2.  Line  switches.  3,  4.  Slip  regulator.  5,  6.  Tirrill  regulator  and  rheostat 
7,  Sj  9,  19.  Fly-wheel  motor-generator.  10.  G)inmutating  pole  and  compensating 
field  winding.  11.  Safety  device.  12.  Hoist  motor.  13.  Circuit  breaker.  14, 
15,  16,  17.  Rheostat  and  controller  of  generator  and  hoist  motor.  18.  Automatic 
brake  solenoid.     20.  Speed  limit  device. 

Fig.  15. — FiiY-WHEBL  Motor-Genebatob  System. 

reduce  the  size  of  the  regulator-motor  to  a  minimum,  and  per- 
mit of  an  adjustment  of  the  regulator  for  different  values  of 
line-current.  When  the  line-current  exceeds  the  value  for 
which  the  regulator  is  adjusted,  the  torque  of  the  motor  over- 
balances the  weight  of  the  electrodes,  lifting  them  and  insert- 
ing resistance  in  the  armature  circuit  of  the  induction-motor. 
This  causes  it  to  slow  down,  and  allows  the  fly-wheel  to  assist 
in  driving  the  generator  during  the  peak-loads.  The  sensitive- 
ness of  this  regulator  varies  with  the  line-current,  but  within 
the  range  of  ordinary  operation  the  line-current  may  readily 
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be  held  within  5  per  cent,  either  aide  of  the  mean,  provided 
the  hoistiog  h  done  at  a  uniform  rate  and  the  regulator  is  ad- 
justed for  the  average  load.  Id  actual  practice  the  regulator 
mast  be  set  for  the  maximum  condition,  so  that  under  ordinary 
conditions  of  hoisting  the  current  is  limited  rather  than  mun- 
tained  constant 

The  weight  of  the  fly-wheel  is  determined  from  the  hoist- 
diagram  by  correcting  it  for  the  losses  in  the  hoist-motor  and 
generator.  Let  Fig.  16  be  such  a  diagram,  and  let  a,  b  rep- 
resent the  average  for  the  cycle.  Then  the  energy  repre- 
sented by  the  portion  of  the  diagram  above  the  average-line 


Fio.  16.— HoiST-DiAoaAM  Saowrao  Atebaok  f 


must  be  delivered  by  the  fly-wheel  during  the  peak-load.    The 
weight  of  the  fly-wheel  may  be  obtained  from  the  equation 


Tr= 


where  W  =  effective  weight  of  wheel ;  Y^  =  the  velocity  of  the 
wheel  at  a;  Y^  =  the  velocity  of  the  wheel  at  b;  and  E^  the 
energy  in  foot-pounds  to  be  delivered  by  the  wheel.  It  is  the 
usual  practice  to  make  yj,  approximately  800  ft.  per  secoud,  iu 
which  case  the  actual  weight  of  the  wheel  is  approximately 
equal  to  1.83  W. 

A  convenient  method  of  obtaining  the  effective  weight  of  a 
wheel  is  shown  in  Fig,  17.  Having  decided  upon  the  radius  of 
gyration  in  feet,  and  the  speed  in  revolutions  per  minute,  the 
weight  of  a  wheel  required  to  deliver  any  number  of  horse- 

[281 


BLBCTRIC   HINS-H0I8TS. 


power-aeconda  from  0  to  100,000  with  any  change  of  speed 
from  10  per  cent  to  70  per  cent,  maybe  obtained  by  the  nee  of 
thifl  diagram.     To  find  the  weight  of  a  wheel,  begin  with  the 


Fio    17.— DuoRAif  roK  OBTAiNDia  th»  ErrBonvE  WEroHT  op  i.  Flt-Whekl. 

c  arve  in  the  apper  right-hand  corner  of  the  diagram,  and  follow 
the  line  correaponding  to  the  per  cent,  change  in  apeed  ontil  it 
interaectfl  the  curve,  and  then  to  the  lefl  until  it  intersects  the 
line  corresponding  to  the  radiua  of  gyration  of  the  wheel,  and 
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SO  on  as  indicated  by  the  dotted  line,  which  assumes  a  wheel 
having  a  radius  of  gyration  of  4  ft.,  running  at  600  rev.  per 
minute  and  delivering  26,000  h-p-sec.  with  a  20-per  cent,  drop 
in  speed.  The  effective  weight  of  the  wheel  is  approximately 
39,000  lb.  From  the  shape  of  the  curve  in  the  upper  right- 
hand  corner,  it  follows  that  the  weight  of  the  wheel  increases 
very  rapidly  for  drops  in  speed  less  than  15  per  cent.,  and  that 
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Fio.  18.— Current-  and  Power-Curves  op  a  Balanced  Cycle  op  the 

System  Shown  in  Fig.  15. 
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little  is  gained  by  increasing  the  drop  beyond  85  per  cent.  On 
the  other  hand,  the  cost  of  the  motor  and  generator  decreases, 
and  the  efficiency  of  the  indaction-motor  increases,  and  there- 
fore the  power  consumed  per  cycle  decreases,  as  the  drop  in 
speed  decreases.  The  usual  practice  is  to  allow  approximately 
15  per  cent,  drop  in  speed  for  balanced  operation;  but  as  the 
fly-wheel  must  take  care  of  the  unbalanced  cycle  without  re- 
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dacing  the  speed  of  the  generator  bo  low  as  seriously  to  affect 
its  commutation,  it  is  necessary  to  vary  this  value  considerably 
in  special  cases. 

The  power-  and  current-curves  for  this  system  are  shown  in 
Figs.  18  and  19.  The  drop  in  the  power-curve  of  the  balanced 
cycle  during  the  period  of  rest  is  due  to  the  fact  that  the  regu- 
lator is  set  for  the  maximum  condition,  which  in  this  case  is 
hoisting  unbalanced,  this  setting  being  above  that  required  for 
the  balanced  cycle. 

The  fourth  system  is  used  when,  for  the  purpose  of  meeting 
some  peculiar  condition,  it  is  advisable  to  drive  the  hoist  by  an 


induction-motor  and  at  the  same  time  eliminate  the  peaks  from 
the  station-load.  The  adoption  of  this  system  is  warranted 
when  the  hoist  is  located  underground  at  such  a  distance  from 
the  surface  that  it  becomes  necessary  to  transmit  power  to  it 
by  alternating  current,  and  when  the  shaft  is  not  large  enough 
to  allow  the  fly-wheel  of  the  motor-generator  set  to  be  taken 
underground. 

Fig.  20  shows  this  system,  which,  it  will  be  noted,  is  the  first 
system,  to  which  has  been  added  a  converter  equalizer,  consists 
ing  of  a  rotary  converter  connected  on  the  alternating-current 
side  to  the  supply-system,  and  on  the  direct-current  side  to  a 
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motor  driving  a  large  fly-wheel.  The  field  of  the  directrcurrent 
motor  is  controlled  by  a  regulator  actuated  by  the  line-current. 
When  the  power  taken  by  the  hoist-motor  drops  below  the  aver- 
age, the  field  ,of  the  motor  is  automatically  reduced,  and  the 
fly-wheel  is  speeded  up,  the  power  being  taken  from  the  supply- 
system.  When  the  hoist^motor  load  exceeds  the  average  the 
operation  is  reversed,  the  fly-wheel  slowing  down  and  returning 
power  to  the  system. 

Fig.  11  gives  the  current-  and  power-curves,  which  are  those 
of  the  first  system,  to  which  has  been  added  the  input-curve 
with  converter  equalizer.  The  eflBiciency  of  this  system  is  gen- 
erally slightly  lower,  and  the  weight  of  the  fly-wheel  is  slightly 
greater,  than  for  the  direct-current  motor  and  the  fly-wheel 
motor-generator  set.  It  has  the  advantage,  however,  over  the 
third  system  in  that  the  operation  of  the  hoist-motor  is  not  de- 
pendent on  the  operation  of  a  converter  equalizer.  Conse- 
quently, in  the  event  of  the  failure  of  the  latter,  hoisting  may 
be  continued,  providing,  of  course,  that  the  capacity  of  the 
power-system  is  sufficient  to  take  the  load,  which  would  be 
the  case  if  the  equalizer  were  used  simply  to  reduce  the  power 
bill. 

Either  the  third  or  the  fourth  system  may  be  used  where  the 
supply-system  is  direct  current,  by  substituting  a  direct-current 
motor  for  the  induction-motor  of  the  fly-wheel  motor-generator 
set  in  the  third  system,  and  omitting  the  synchronous  con- 
verter of  the  fly-wheel  converter  system  in  the  fourth. 

Among  other  systems  of  electric  hoisting  which  might  be 
mentioned  is  the  Creplet  system,  in  which  a  booster  driving  a 
heavy  fly-wheel  is  connected  in  series  with  the  hoist-motor  and 
the  supply-system.  The  booster  is  wound  for  the  sftme  poten- 
tial as  the  supply-system,  and  the  hoistrmotor  for  twice  this 
potential.  When  the  hoist  is  idle,  the  hoist-motor  armature  is 
short-circuited,  the  booster  is  thus  connected  across  the  supply- 
system,  and  the  speed  of  the  fly-wheel  is  at  its  maximum.  To 
accelerate  the  hoist,  the  short-circuit  is  opened,  and  the  poten- 
tial of  the  booster  is  generally  reduced  to  zero,  reversed,  and 
brought  up  to  full  potential  in  the  opposite  direction,  the  power 
stored  in  the  fly-wheel  during  the  idle  period  being  returned. 

It  has  been  proposed,  and  at  least  two  installations  embody- 
ing the  idea  are  now  in  process  of  construction,  to  substitute 
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compressed  air  for  steam.  The  present  hoist-engines  would  be 
used,  with  slight  modification  of  their  valves  to  accommodate 
them  to  compressed  air,  the  compressors  for  supplying  the  air 
to  be  driven  by  electric  motors.  It  is  impossible,  however,  to 
gather  sufficient  details  regarding  the  system  to  predict  the  re- 
sults which  will  be  obtained. 

A  typical  mine-hoist  log  is  given  in  Table  I.,  which  is  the  con- 
densed log  for  24  hr.,  taken  at  a  mine  under  actual  conditions. 

Table  I. — Mine-Hoist  Log. 

Time  in  Minutes  and  Seconds. 


Interval. 

1 

1  Hoisting  Ore. 

Hoisting 
Men. 

Hoisting 
Waste. 

Other 
Hoisting. 

1 
Shifting. 

Rest. 

1 

7-8    A.M. 

10-2 

6-37 

6-28 

1 

7-39 

29-14 

H-» 

24^ 

3-0 

2-47 

6-44 

23-24 

y-10 

14-2 

3-55 

5-0 

6-12 

16-15 

15-56 

10-11 

3(>-2o 

12-0 

1-30 

8-36 

7-30 

11-12  M. 

57-55 

•  ■  •  •  •  • 

1-5 

1-0 

12-1     P.M. 

3-35 

1-0 

17-0 

2-55 

4-29 

30-56 

1-2 

51-10 

1-50 

1-45 

4-0 

1-15 

2-3 

20-10 

2-40 

12^ 

25^ 

3-4 

44-0 



0-51 

5-25 

9-44 

4-5 

7^8 

1-25 

0-38 

60-19 

5-6 

0-36 

59-26 

6-7 

••••■• 

13-8 

••■■■• 

i-23 

0-27 

45-2 

7-^ 

21-27 

16-42 

1-54 

2-1 

17-66 

8-9 

51-7 

1-8 

4-57 

1-69 

0-49 

9-10 

64-17 

1-30 

1-30 

2-43 

10-11 

48-22 

1^2 

2-53 

7-03 

11-12  M.M. 

...... 

8^39 

4-16 

0-40 

46-25 

12-1     A.M. 

34^1 

1-52 

1 

0-30 

22-47 

1-2 

53-14 

2-49 

3-67 

2-3 

50-25 

1 

1-10 

8-26 

3-4 

7-50 

25-43 

1-0 

26-27 

4-5 

•••••• 

55-47 

0-34 

3-39 

5-6 

1 

5-14 

64-46 

6-7 

3-09 

56  51 

Table  II.  gives  a  condensed  summary  of  this  log,  and  also 
that  of  another  mine  under  actual  operating-conditions. 


Table  II. — Summary  of  Table  I. 


Hoisting  ore  and  waste... 

Other  hoisting 

Shifting 

Rest 


Mine  A. 


Minutes. 


628 

185 

77 

648 


Seconds. 


8 
16 
59 
38 


Per 
Cent. 


43.7 
12.9 
5.4 
38 


Mine  B. 


Approximate 
Minutes. 


428 
171 
120 
721 


Approximate 
Per  Cent 


30 

12 

8 

50 
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The  estimated  distribution  of  power  consumed  for  hoisting 
is  given  in  Table  III.  -  Attention  is  called  to  the  close  agree- 
ment between  the  estimates  for  the  power  consumed  in  hoist- 
ing ore  and  waste,  which,  in  view  of  the  fact  that  the  estimates 
were  made  entirely  independent  of  each  other,  should  add  con- 
siderable weight  to  the  figures.  One  estimate  is  based  on 
figures  obtained  bj  indicating  the  hoisting-engine,  and  the  other 
forms  the  basis  for  the  distribution  of  the  costs  of  hoisting. 


Table  TTT. — Distribution  of  Power. 

Distribution  of  Power  in  Per  Cent,  of  Tot  & 

Mine  A. 

MlneB. 

Hoisting  ore  and  waste .• 

Othftr  hoifltinir , » t«.,.t 

55 
28 
17 

51 
23 

Shifting 

26 

The  curves  in  Fig.  21  give  the  total  tons  hoisted,  and  the 
total  kilowatt-hours  consumed  (per  day  of  24  hr.),  the  kilowatt- 
hours  consumed  per  ton-  (2,000  lb.)  foot,  and  the  load-factor 
for  each  of  the  four  systems  when  hoisting  10,000  lb.  per  trip 
in  balance  from  vertical  depths,  varying  from  400  to  2,600  ft., 
by  a  reel-hoist.  Fig.  22  gives  similar  curves  for  hoisting 
20,000  lb.  of  ore  per  trip  in  balance,  from  depths  varying  from 
8,000  to  8,000  ft.,  by  a  cylindrical-drum  hoist,  the  shaft  making 
an  angle  of  approximately  38°  with  the  horizontal,  and  the 
depths  being  measured  on  the  incline. 

Table  IV.  gives  the  power-consumption  for  the  various 
systems  for  hoisting  6,000  lb.  in  balance  from  one  level  in  a 
compound  shaft,  the  hoist  load-diagram  for  which  is  given  in 
Fig.  28.  The  shaft  drops  vertically  800  ft.  and  then  continues 
for  1,820  ft.  on  an  incline  of  88°  with  the  horizontal. 

Table  IV. — Power^  Consumption  for  Various  Systems. 


First  system 

Second  system.. 

Third  system 

Fourth  system... 


Power  for  Hoisting. 


kw-lir. 
H,9()0 
3,450 
4,019 
4,910 


Power  for  Hoisting. 


Total  Tons 
Hoixted. 


Kw-hr. 

Ton-fl. 

0.0U307a 

0.002346 

786 

0.00272 

0.00206 

786 

0.00.S15 

0.00240 

786 

0.00386 

0.00295 

786 

Load-Factor. 


25 
19.2 
62 
63.6 


a  Values  are  based  on  the  total  vertical  lift,  1,613  feet. 
6  Values  are  based  on  the  total  distance  lift,  2,120  feet 
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The  values  given  in  these  curves  and  in  Table  IV.  include 
the  power  consumed  in  "other  hoisting"  and  <* shifting,"  on 
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Fig.  21. — Comfabison  op  Power-Curves  op  the  Four  Systems,  Using  a 

Beel  Hoist. 


the  assumption  that  the  power  consumed  in  hoisting  ore  is  58 
per  cent,  of  the  total  power.     Also,  in  the  values  for  the 
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synchronous  motor-generator  set  (second  system),  no  credit  is 
allowed  for  the  power  returned  during  retardation. 

The  curves  and  Table  IV.  show  clearly  the  effect  of  the 
shape  of  the  hoist  on  the  power  consumed  by  the  various 
systems.  At  the  upper  levels  the  period  of  acceleration  is  a 
large  part  of  the  total  cycle,  and  we  find  the  power  consumed 
by  the  induction-motor  hoist  to  be  greater  than  that  for  the 
hoist  driven  by  the  direct-current  motor,  power  for  which  is 
supplied  by  a  synchronous  or  induction-motor-generator  set 
In  the  case  of  the  cylindrical-drum  hoist,  for  which  the  peak 
during  accleration  is  much  greater  than  for  the  reel-hoist,  the 
power  consumed  by  the  induction-motor  is  greater  for  all 
levels.  Also,  a  similar  relation  exists  in  the  power-curve  when 
a  converter  equalizer  or  a  fly-wheel  motor-generator  set  is  used. 

If  a  cylindrical  drum  is  used  instead  of  a  reel,  the  curves  of 
Fig.  21  for  the  direct-current  hoist-motors  will  remain  practi- 
cally the  same,  but  those  for  the  induction  hoist-motor  will  be 
raised,  crossing  those  of  the  synchronous  motor-generator  set 
towards  the  end  of  the  curve ;  and  if  a  cylindro-conical  drum  is 
substituted  for  the  cylindrical  drum  of  the  larger  hoist,  the  in- 
duction-motor curves  of  Fig.  22  will  approach  those  for  the 
direct-current  hoist-motor. 

The  values  for  the  different  levels,  shown  by  the  curves,  are 
based  on  the  assumption  that  all  the  ore  is  taken  from  the 
corresponding  level.  Where  ore  is  hoisted  from  several  levels, 
the  total  power-consumption  per  day  may  readily  be  obtained 
from  the  power-consumption  per  ton-foot,  or  by  the  use  of  the 
curves  of  "  Total  Tons  Hoisted  "  and  "  Power  for  Hoisting  in 
Kw-hr." 

While  the  curves  given  cover  specific  cases  only,  the  exam- 
ples chosen  are  typical,  and  by  interpolating  between  the 
power  consumed  per  ton-foot  for  the  8,000-ft.  and  that  for  the 
2,600-fL  hoists,  the  power  per  ton-foot  may  be  obtained  for 
hoisting  from  any  depth.  Due  correction  is  to  be  made  for 
the  inclination  of  the  8,000-ft.  shaft  by  dividing  the  values 
given  by  0.616  to  obtain  the  equivalent  values  for  a  vertical 
shaft.  From  the  total  kilowatt-hours  consumed  per  day  and 
the  load-factor,  the  cost  of  power  for  hoisting  electrically  can 
readily  be  obtained. 

A  comparison  between  steam  and  electric  hoisting  is  given 
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in  Table  V.,  in  which  the  coal-and-rock  ratio  for  each  is  given 
for  the  2,000-ft.  and  the  6,000-ft.  levels  respectively.  In  deter- 
mining these  values,  it  is  assumed  that  the  steam  hoisting- 
engines  are  non-condensing,  that  the  steam-consumption  is 
65  lb.  and  55  lb.  per  indicated  horse-power-hour  respectively 
for  the  large  and  small  hoists,  and  that  power  for  the  electric 
hoists  is  supplied  from  a  modern  steam-turbine  station  using 
units  of  1,000  kw.  each  or  larger  for  the  small  hoist,  and  2,500 
kw.  or  larger  for  the  larger  hoist. 

In  determining  these  ratios,  10  per  cent,  has  been  added  to 
the  total  kilowatt-hours  per  day  as  given  in  the  curves,  to  cover 
the  losses  in  transmission. 

Table  V. — Comparison  of  Steam  and  Electric  Hoisting. 

Coal  Ore 

Burned.         Hoisted.    _,       . 
Tons  Tons       Tons  Ore. 

Hoisting  from  2,000-ft.  level,  small  hoist :       per  Day.  per  Day.    Tons  Coal 

Steam-hoist, 47.0  1,780  40 

£lectric  hoist : 

First  system,        .    > 13  1,780  137 

Second  system, 15  1,780  119 

Thini  system 16  1,780  110 

Fourth  system, 15  1,780  119 

Hoisting  from  6,000-ft.  level,  large  hoist : 

Steam-hoist, 65.5  1,580  24 

Electric  hoist : 

First  system, 23  1,580  69 

Second  system,     ......  24  1,580  66 

Third  system, 25  1,580  63 

Fourth  system 27  1,580  59 

In  addition  to  the  saving  in  fuel,  vehich  may  be  realized  by 
the  use  of  electric  hoists,  there  is  a  very  material  reduction  in 
the  labor,  the  cost  of  which  is  chargeable  against  the  hoist 
This  may  amount  to  the  wages  of  one  or  two  men  in  the  boiler- 
house  if  power  is  developed  by  the  mining  company,  or  of  the 
whole  boiler-house  force  if  power  is  purchased,  and  frequently 
the  wages  of  one  man  in  the  hoist-house. 

So  many  factors  which  vary  between  wide  limits  for  differ- 
ent localities  enter  into  the  comparative  costs  of  hoisting  elec- 
trically and  by  steam,  that  each  individual  case  must  be  treated 
by  itself;  but  the  following  comparison  will  serve  as  an  indi- 
cation of  the  general  result  of  a  more  detailed  investigation. 

Take,  for  example,  the  reel -hoist,  the  power-curves  for  which 

[40] 


BLEGTRIC    MINE-HOISTS. 


407 


are  shown  in  Fig.  21,  and  assume  that  the  average  condition 
of  hoisting  is  that  represented  by  hoisting  from  the  2,000-ft 
level;  that  good  steaming-coal  can  be  purchased  for  |3.50  per 
ton;  that  power  can  be  purchased  for  the  equivalent  of  1.1 
cents  per  kilowatt-hour,  on  a  50-per  cent.  load-factor,  and,  if 
steam  driven,  that  the  engine  will  be  non-condensing. 

In  order  to  obtain  a  load-factor  of  50  per  cent.,  it  will  be 
necessary  to  install  either  the  third  or  fourth  system  of  electric 


0   10   aO   80   40   fiO   TO   TO   80   90   100  110   120   130 

time  in  seconds 
Fig.  23. — Hoist- Load  Diagram  for  6,000-lb.  Load  in  a  Compound  Shaft. 

hoisting,  and,  to  be  conservative,  let  it  be  assumed  that  the 
third  is  chosen. 


Total  cost  of  power  per  year  for  electric  hoist  at  1. 1  cents  per 

kilowatt-hour, $35,300 

Fixed  charges  on  the  excess  cost  of  the  electric  over  the 

steam  hoist  (approximately  $25,000), 2,500 

$37,800 

14,100  tons  coal  at  $3.50  per  ton, $49,350 

Boiler-house  force  (3  men  at  $3.25  per  day),  ....         2,925 
One  oiler, 900 

$53,175 
37,800 

Approximate  annual  saving  with  electric  hoist,  .         .     $15,375 
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As  this  saving  of  |15,875  is  the  result  of  an  additional  ex- 
penditure of  125,000  for  the  electric  hoist,  it  is  proper  for  a 
new  installation  to  base  the  rate  of  interest  equivalent  to  this 
saving  on  this  additional  first^cost,  from  which  it  follows  that 
the  interest  realized  on  this  investment  is  61.6  per  cent.  If,  on 
the  other  hand,  it  is  a  question  of  replacing  an  existing  steam- 
hoist,  the  interest  should  be  based  on  the  total  cost  of  the  elec- 
tric installation,  in  which  case  the  very  substantial  rate  of  80 
per  cent,  will  be  realized. 

The  hoist,  above  all  other  parts  of  the  mine-equipment,  must 
be  kept  in  commission  at  all  times,  and  this  fact  must  be  borne 
in  mind  in  installing  an  electric  hoist  The  transmission-lines 
must  be  carried  on  substantial  poles  over  a  well-cleared  right- 
of-way,  duplicate  lines  being  installed  where  possible,  and  the 
lines  being  adequately  protected  against  disturbances  from 
lightning.  If  these  precautions  are  properly  taken,  the  electric 
can  be  made  as  thoroughly  reliable  as  the  steam-driven  hoist 

V.  Summary. 

Summing  up,  the  advantages  of  the  electric  hoist  are :  first, 
greater  economy,  resulting  from  the  centralization  of  the  de- 
velopment of  power  in  a  large  central  electric  station,  favorably 
located  for  the  economical  development  of  power,  and  from  a 
reduction  in  the  operating-force,  from  the  increased  life  of  the 
rope,  and  the  greater  life  of  the  brakes ;  second,  greater  safety 
in  operation ;  third,  especially,  adaptation  for  underground  in- 
stallations ;  and  fourth,  the  fact  that  it  permits  of  the  utiliza- 
tion of  water-power,  which  is  frequently  available  in  mining- 
districts. 
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The  CombustiQn  of  Coal. 

BT  JOSEPH  A.   HOLMES,  WASHINGTON,  D.  G.,  AND  HENRT  KREISINGER,* 

PITTSBURG,  PA. 

(Pittsburg  Meeting.  Mareb.  1910.) 

At  the  Mining  Experiment  Station  of  the  U.  S.  Geological 
Survey,  in  Pittsburg,  an  investigation  of  the  process  of  com- 
bustion is  being  carried  on  in  a  specially-designed  furnace 
having  an  unusually  long  combnstion-chamber.  This  work  is 
conducted  by  a  committee  consisting  of  H.  Kreisinger,  mechani- 
cal engineer;  Dr.  J.  C.  W.  Frazer,  chemist;  and  Dr.  J.  K. 
Clement,  physicist.  The  problem,  essentially  one  of  physical 
chemistry,  is  extremely  interesting  to  all  who  are  concerned  in 
the  burning  of  coal  or  the  construction  of  furnaces. 

The  main  object  of  these  experiments  is  to  ascertain  the  re- 
lation between  the  amount  of  the  volatile  combustible  driven 
from  the  coal  and  the  combustion-spaces  necessary  to  burn  it 
completely.  Our  best  steam-coals  vary  from  15  to  45  per  cent, 
of  fixed  combustible.  The  greater  part  of  the  latter  ia  burned 
on  the  grate ;  but  the  volatile  combustible  leaves  the  freshly- 
charged  coal  and  must  be  burned  in  the  combustion-space.  If 
this  space  is  not  large  enough,  the  volatile  combustible  will 
leave  the  furnace  only  partly  burned,  and  the  result  will  be  a 
considerable  heat-loss  and  a  smoky  stack.  Strictly  speaking, 
the  factor  which  determines  the  completeness  of  combustion  of 
the  volatile  matter,  after  it  has  been  mixed  with  a  certain 
amount  of  air,  is  the  length  of  time  the  mixture  is  allowed  to 
remain  in  the  combustion-space ;  but  this  length  of  time  de- 
pends on  the  extent  of  the  space  itself.  Let  us  suppose,  for 
instance,  that,  when  a  given  coal  is  burned  at  a  certain  standard 
rate,  the  volume  of  the  volatile  combustible  driven  off  per  second 
is  10  cu.  ft.  Adding,  say,  10  cu.  ft.  of  air,  the  volume  of  the 
resulting  burning  mixture  is  increased  to  20  cu.  ft.  If  the  com- 
bustion-space is  20  cu.  ft.,  the  burning  mixture  will  stay  in  it^ 
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on  the  average,  1  sec. ;  if  40  ca.  ft.,  it  will  remain,  on  the  aver- 
age, 2  sec. ;  whereas,  if  only  10  cu.  ft.,  it  can  stay  only  half 
a  second.  It  is  therefore  probable  that  in  the  burning  of  a 
given  coal  the  completeness  of  combustion  of  the  volatile  com- 
bustible depends  on  the  extent  of  the  combustion-space.  (For 
the  sake  of  simplicity  in  the  above  illustration,  the  effect  of 
temperature  on  the  volume  of  the  combustible  mixture  has  not 
been  considered.) 

Effect  of  the  Nature  of  Coal  on  the  Extent  of  Combustiori'Space 
Required. — ^Different  steam-coals  evolve  different  volumes  of 
volatile  combustible,  even  when  burned  at  the  same  rate.  Coal 
containing  45  per  cent,  of  volatile  matter  evolves  a  much  greater 
volume  of  gases  and  tar-vapors  than  that  which  contains  only 
15  per  cent.  Consequently,  a  furnace  having  a  much  larger 
combustion-space  will  be  required  to  burn  the  former  as  com- 
pletely as  the  latter. 

The  extent  of  combustion-space  thus  required  depends  not 
only  on  the  volume  of  the  combustible  mixture,  but  also  on 
its  chemical  composition.  Thus,  the  volatile  combustible  of 
a  low-volatile  coal,  when  mixed  with  an  equal  volume  of  air, 
may  require  1  sec.  for  complete  combustion  in  a  given  space, 
while  2  sec.  may  be  required  to  burn  with  the  same  com- 
pleteness the  same  volume  of  the  volatile  combustible  from  a 
high-volatile  coal.  In  other  words,  the  combustion-space  re- 
quired to  burn  various  kinds  of  coal  is  not  directly  proportional 
to  the  volatile  matter  contained  in  the  coal. 

Effect  of  the  Rate  of  Combustion  on  the  Extent  of  Combustion^ 
Space  Required. — With  the  same  coal,  the  volume  of  the  volatile 
combustible  distilled  from  the  fuel-bed  per  unit  of  time  varies 
as  the  rate  of  combustion.  Thus,  when  the  rate  of  combus- 
tion is  double  that  of  the  standard,  the  volume  of  gases  and 
tar-vapors  driven  from  the  fuel  is  about  doubled.  To  this  in- 
creased volume  of  volatile  combustible  an  equal  volame  of  air 
must  be  added ;  and  if  the  mixture  is  to  be  kept  for  only  the 
same  length  of  time  within  the  combustion-space,  that  space 
should  be  about  twice  as  large  as  for  the  standard  rate  of  com- 
bustion. The  space  required  for  complete  combustion  varies, 
therefore,  not  only  with  the  nature  of  the  coal  but  also  with 
the  rate  of  firing. 
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Effect  of  Air-Swpply  on  the  Extent  of  Combustion'Space  Be- 
quired. — Another  factor  which  influences  the  extent  of  the  com- 
bustion-space is  the  amount  of  air  mixed  with  the  volatile  com- 
bustible. Perhaps  within  certain  limits  the  combustion-space 
may  be  decreased  when  the  supply  of  air  is  increased.  On 
this  point,  however,  anything  said  at  present  would  be  specu- 
lative.    The  facts  must  be  determined  experimentally. 

Efect  of  Sate  of  Heating  of  Coal  on  the  Extent  of  Combustion^ 
Space  Required. — There  is  still  another  and  a  very  important 
factor  influencing,  for  any  given  coal  and  any  given  air-sup- 
ply, the  extent  of  the  combustion-space  required — namely,  the 
rate  of  heating  of  the  coal  when  feeding  it  into  the  furnace. 
Our  so-called  "  proximate  "  analysis  of  coal  is  indeed  only  very 
approximate.  When  the  analysis  shows,  say,  40  per  cent,  of 
volatile  matter  and  45  per  cent,  of  fixed  carbon,  it  does  not 
mean  that  the  coal  is  actually  composed  of  so  much  volatile 
matter  and  so  much  fixed  carbon,  but  simply  that  at  a  certain 
rate  of  heating,  given  by  certain  standard  laboratory-conditions, 
40  per  cent,  of  the  coal  has  been  driven  off  as  "  volatile  mat- 
ter." If  the  rate  or  method  of  heating  were  different,  the 
amount  of  volatile  matter  driven  off'  would  also  be  different. 
Chemists  can  testify  how  difficult  it  is  to  get  accurate  checks 
on  "  proximate  "  analysis.  To  illustrate  this  point  further,  we 
may  refer  to  the  operation  of  the  up-draft  bituminous  gas-pro- 
ducer. In  the  generator  of  such  a  producer,  the  tar-vapors 
leave  the  freshly-fired  fuel,  pass  through  the  wet  scrubber,  and 
are  finally  separated  by  the  tar-extractor  as  a  black,  pasty,  semi- 
liquid  substance.  If  this  "  tar  "  is  subjected  to  the  standard 
proximate  analysis,  it  will  be  found  that  from  40  to  50  per  cent, 
of  it  is  fixed  carbon,  although  the  tar  left  the  gas-generator  as 
"  volatile  matter."  The  fact  to  be  emphasized  is,  that  different 
rates  of  heating  of  high-volatile  coals  will  not  only  drive  off 
different  percentages  of  volatile  matter,  but  that  this  material 
itself  varies  greatly  in  chemical  composition  and  physical  prop- 
erties, especially  as  regards  infiammability  and  rapidity  of  com- 
bustion. We  may  therefore  conclude  that  the  combustion- 
space  required  for  complete  oxidation  of  the  volatile  combus- 
tible depends,  in  some  degree,  on  the  method  of  charging  the 
fuel ;  that  is,  on  the  rapidity  with  which  the  fresh  fuel  is  heated. 

In  summary,  it  may  be  said  that  the  combustion-space  re- 
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quired  to  obtain  a  practically  complete  combuBtion  depends  on : 
(a)  the  nature  of  the  coal ;  (b)  the  rate  of  combastion ;  (c)  the 
Buppl  J  of  air ;  and  (d)  the  rate  of  the  heating  of  the  fiiel. 

To  determine  the  influence  of  each  of  these  factors  is  the 
object  of  the  experiments  under  discussion. 

Description  of  JFumace. — The  furnace  used  in  these  investi- 
gations is  fed  with  a  standard  Murphy  mechanical  stoker.  The 
special  feature  of  the  furnace  is  a  large  combustion-space,  8 
by  3  ft.  in  cross-section  and  nearly  40  ft.  long.  To  the  volatile 
combustible  leaving  the  fuel  on  the  grate,  air  is  added  through 
numerous  small  openings  above  the  grate ;  the  mixture  then 
passes  through  the  combustion-space,  and  the  products  of  com- 
bustion are  discharged  into  the  setting  of  a  Heine  boiler. 

The  difierence  of  pressure  necessary  to  move  the  gases  through 
the  furnace  is  obtained  by  two  fans,  one  of  which  exhausts  the 
gases  from  the  setting  of  the  Heine  boiler  (into  which  they  are 
discharged  from  the  long  combustion-space),  while  the  other 
forces  air  under  the  grate  of  the  stoker.  During  a  test,  the 
speed  of  the  two  fans  is  so  adjusted  that  the  pressure  of  the 
gases  in  the  long  combustion-chamber  is  slightly  below  that  of 
the  atmosphere,  the  object  being  to  reduce  to  a  minimum  the 
leakage  of  air  into  the  combustion-chamber,  without  making 
observation  at  the  peep-holes  disagreeable  through  jets  of  hot 
gases  through  them. 

Figs.  1  and  2  show  the  general  appearance  and  connections 
of  the  furnace.  Fig.  2  indicates  the  methods  of  collecting  the 
samples  of  gas.  Three  samples  are  being  collected  through  the 
water-cooled  tubes  rising  through  and  above  the  top  of  the 
furnace,  as  seen  just  to  the  right  of  the  left  window;  and 
another  through  a  similar  tube  entering  the  furnace  through 
the  observation-hole  near  and  to  the  left  of  the  table  on  which 
are  the  bottles  in  which  the  samples  of  gas  are  being  collectei 

Some  of  these  water-cooled  tubes  contain  three  separate 
smaller  tubes,  each  starting  from  the  top,  but  ending  at  dif- 
ferent distances ;  and  it  is  therefore  possible  to  collect  at  the 
same  time  three  samples  of  gas  through  each  main  tube,  or  12 
samples  in  all,  each  coming  from  a  different  point  in  this  cross- 
section  of  the  furnace.  And  inasmuch  as  there  are  seven  such 
cross-sections,  and  two  additional  observation-holes  nearer  the 
fire-box,  it  is  possible,  though  perhaps  never  necessary,  to  col- 
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leot  80  or  90  samples  of  gas  during  the  same  20-min.  period, 
each  sample  representing  the  average  ot  the  gases  passing  the 
open  end  of  its  small  tuhe  dnring  this  period. 


Figs.  3  and  4  show  longitudinal,  horizontal  and  vertical  sec- 
tions of  the  furnace,  and  Figs.  5  and  6  show  two  typical  cross- 
sections  of  the  furnace.  A  150  h.p.  Murphy  mechanical  stoker 
is  at  the  front  end  of  the  furnace,  and  a  220-h.p.  Heine  safety 
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boiler  at  the  rear  end.     The  observation -holee  at  5-tl.  intervals 
are  shown  through  the  left  Bide-wall  in  Fig.  3. 

The  side-walk  of  this  furnace  are  double,  the  inner  being  9 


in.  thick  and  made  entirely  of  fire-brick,  while  the  outer  is  8 
in.  thick  and  faced  with  red  pressed-briek.  Between  the  two 
ia  a  2-in.  air-space.  The  arch  forming  the  roof  of  the  furnace 
is  also  double,  the  inner  arch  being  of  fire-brick,  9  in,  thick,  the 
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outer  of  preesed-brick  and  only  4  in.  thick,  and  the  space  be- 
tween the  two  being  completely  filled  with  a  layer  of  asbestos 
1  in.  thick.     The  floor  ie  made  of  a  layer  of  aebeetoe-board  laid 
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Fio.  6.— Vertical  CRoes-SEcriOK  thboitoh  the  Fire-Box  op  the  Furmacb, 
AND  TBB  MrapHv  Stoker. 

directly  on  the  earth,  over  which  ia  spread  a  layer  of  sand,  3 
in.  thick,  covered,  in  turn,  with  a  4-in.  layer  of  fire-brick.  In 
one  of  the  aide-walls  there  are  eight  peep-holes,  5  ft.  apart,  and 
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opposite  each  hole  in  the  side-wall  there  are  three  smaller 
openings  in  the  roof.  Through  these  openings  and  peep-holes 
gas-samples  are  drawn  for  chemical  analysis,  and  temperature- 
meaauremeots  and  other  necessary  observations  are  made. 
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The  Scope  of  the  Experiments. — With  the  object  explained  in 
the  preceding  paragraphs,  the  following  series  of  experiments 
has  been  planned : 

Six  or  eight  typical  coals  having  been  selected,  each  repre- 
senting a  certain  group  of  coals  of  nearly  the  same  chemical 
composition,  each  of  these  coals  will  be  investigated  in  a  separate 
series  of  tests,  the  series  consisting  of  several  sets  of  tests,  made 
with  all  conditions  constant  excepting  the  one,  the  effect  of 
which  on  the  size  of  the  combustion-space  is  to  be  investigated. 
Thus,  a  set  of  four  or  five  tests  will  be  made,  varying  the  rate 
of  combustion  from  20  to  80  lb.  of  coal  per  square  foot  of 
grate  per  hour,  keeping  the  supply  of  air  per  pound  of  com- 
bustible and  the  rate  of  heating  constant.  This  set  of  tests 
will  show  the  effect  of  the  rate  of  combustion  on  the  extent  of 
combustion-space  required  to  obtain  a  practically  complete  re- 
sult. Other  variables,  such  as  the  composition  of  the  coal,  the 
supply  of  air,  and  the  rate  of  heating,  will  remain  constant. 

Another  set  of  four  or  five  tests  will  be  made  with  the  same 
coal  and  at  the  same  rate  of  combustion,  but  with  a  varying 
supply  of  air.  This  set  of  tests  will  be  repeated  for  two  or  three 
different  rates  of  combustion.  Thus,  each  of  these  sets  will 
give  the  effect  of  air-supply  on  the  extent  of  required  combus- 
tion-space, when  the  coal  and  the  rate  of  combustion  remain 
constant. 

Still  another  set  of  tests  should  be  made,  in  which  the  time 
of  heating  the  coal  while  feeding  it  into  the  furnace  is  varied 
from  3  to  30  min.  In  each  of  the  tests  of  this  set,  the  rate 
of  combustion  and  the  air-supply  would  be  kept  constant,  and 
the  set  would  be  repeated  for  two  or  three  rates  of  combustion 
and  two  or  three  different  supplies  of  air.  These  tests  would 
give  the  effect  of  the  rate  of  heating  of  fresh  fuel  on  the  com- 
bustion-space required  to  burn  the  distilled  volatile  combustible. 
These  latter  experiments  will  require  a  modification  in  the 
stoker-mechanism,  and  on  that  account  may  be  put  off  until  all 
the  other  tests  on  the  selected  typical  coals  are  completed.  As 
the  investigation  goes  on,  enough  may  be  learned  to  permit  the 
reduction  of  the  number  of  tests  in  each  series. 

The  chemical  changes  in  the  gases  during  the  processes  of 
combustion  as  these  gases  travel  from  the  fire-box  through  the 
elongated  furnace,  and  the  completeness  of  combustion  in  the 
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BuccesBive  croBs-Bections  of  the  stream  of  gases,  are  determined 
mainly  by  the  chemical  analysis  of  samples  of  gases  collected 
through  the  openings  in  the  furnace  at  these  points.  The  first 
of  these  cross-sections  where  gas  samples  are  collected  passes 
through  the  middle  of  the  bridge-wall ;  the  others  are  placed  at 
intervals  of  5  ft.  through  the  entire  length  of  the  furnace. 
Measurement  of  the  temperatures  of  the  gases  and  direct  obser- 
vation of  the  length  and  color  of  flames  and  of  any  visible 
smoke  will  be  also  made  through  the  side  peep-holes.  These 
direct  observations,  together  with  the  gas-analysis,  will  furnish 
enough  data  to  determine  the  length  of  the  travel  of  the  com- 
bustible mixture  before  attaining  practically  complete  com- 
bustion. In  other  words,  these  ^observations  will  determine 
the  necessary  combustion-space  for  various  kinds  of  coal,  burned 
under  given  conditions.  Direct  observations,  and  the  analysis 
of  gases  at  sections  nearer  to  the  stoker  than  the  one  at  which 
the  combustion  is  practically  complete,  will  show  how  the  pro- 
cess progresses  towards  completion.  This  information  will  be 
of  extreme  value  in  determining  the  loss  of  heat,  due  to  incom- 
plete combustion,  caused  by  shortening  the  combustion-space. 

Method  of  Collecting  GaS'Samples.-^The  collection  of  gas- 
samples  presents  a  difficult  problem,  when  it  is  considered 
that  the  temperature  of  the  gases  in  the  furnace  ranges  from 
2,400°  to  3,200°  F.,  and  therefore  that  the  samples  must  be 
collected  with  water-cooled  tubes.  About  twenty-five  pre- 
liminary tests  have  shown  that  the  composition  of  the  gases  at 
the  cross-sections  near  the  stoker  is  not  uniform,  and  that  more 
than  one  sample  must  be  taken  from  each  cross-section.  It 
has  been  decided  to  take  nine  samples  from  the  cross-section 
immediately  back  of  the  stoker,  and  to  reduce  the  number  in 
the  sections  following,  according  to  the  uniformity  of  the  gas- 
composition.  Thus,  about  85  simultaneous  gas-samples  must 
be  taken  for  each  test.  These  samples  will  be  subjected  to  a 
complete  analysis,  and  not  merely  to  the  usual  determination 
of  carbon  monoxide,  carbon  dioxide,  and  oxygen. 

It  is  also  realized  that  some  of  the  carbon-hydrogen  com- 
pounds which,  at  the  furnace-temperature,  exist  as  heavy  gases, 
are  condensed  to  liquids  and  solids  when  cooled  in  the  sam- 
pling-tubes, where  they  settle  and  tend  to  clog  the  tubes.  To 
neglect  the  presence  of  this  form  of  combustible  would  intro- 
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dace  conaiderable  errors  in  the  determination  of  the  complete^ 
ness  of  combustion  at  any  of  the  cross-sections.  To  meet  this 
difficnlty,  special  water-cooled  sampling-tubes  have  been  con- 
structed and  equipped  with  filters  which  separate  the  liquid 
and  solid  combustible  from  the  gases.  The  contents  of  these 
filters  also  are  subjected  to  complete  analysis.  To  obtain  quan- 
titative data,  a  measured  amount  of  gases  must  be  drawn 
through  these  filtering  sampling-tubes. 

Measuring  of  Temperatures. — At  present  the  only  possible 
known  method  of  measuring  the  temperature  of  the  furnace- 
gases  is  by  optical  and  radiation  pyrometers.  Platinum  thermo- 
couples are  soon  destroyed  by  the  corrosive  action  of  the  hot 
gases.  The  pyrometers  used  at  present  are  the  Wanner  opti- 
cal pyrometer  and  the  Ffery  radiation  pyrometer. 

The  Flow  of  Heat  Through  Furnace-  Walls. — An  interesting 
side-investigation  has  been  developed  in  the  study  of  the  loss 
of  heat  through  the  furnace-walls.  As  already  observed, 
the  side-walls  of  this  experimental  furnace  contain  a  2-in.  air- 
space, which,  in  the  roof,  is  replaced  with  a  1-in.  layer  of  as- 
bestos. To  determine  the  relative  resistance  to  heat-flow  of 
the  air-space  and  the  asbestos  layer,  20  thermo-couples  were 
imbedded,  in  groups  of  four,  to  different  depths  at  three  places 
in  the  side-wall  and  at  two  places  in  the  roof.  In  the  side-wall, 
one  of  the  thermo-couples  of  each  group  was  placed  in  the 
inner  wall  near  the  inner  surface;  the  second  thermo-couple 
was  placed  in  the  same  wall,  but  near  the  surface  facing  the 
air-space ;  the  third  thermo-couple  was  placed  in  the  outer  wall 
near  the  inner  surface ;  and  the  fourth  was  placed  near  the 
outer  surface  in  the  outer  wall.  In  the  roof  the  thermo-couples 
were  placed  in  the  brick  near  the  surfaces  on  each  side  of  the 
asbestos  layer.  These  thermo-couples  have  shown  that  the  tem- 
perature-drop across  the  2-in.  air-space  was  much  less  than 
across  the  1-in.  layer  of  asbestos;  in  fact,  that  it  was  consid- 
erably less  than  the  temperature-drop  through  the  same  thick- 
ness of  the  brick  wall. 

The  results  so  far  obtained  indicate  that,  as  far  as  heat-insu- 
lation is  concerned,  air-spaces  in  furnace-walls  may  be  undesir- 
able, and  suggest  that  in  furnace-construction  a  solid  wall  may 
be  a  better  heat-insulator  than  a  wall  of  the  same  total  thick- 
ness containing  an  air-space.     If  it  is  necessary  to  build  a  fur- 
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nace-wall  in  two  parts  on  account  of  unequal  expansion,  it  may 
be  wise  to  fill  the  space  between  the  two  walls  with  some  solid, 
cheap,  non-conducting  material,  such  as  ash,  sand,  or  crushed 
brick.  A  more  detailed  account  of  these  experiments  has 
been  given  in  Bulletin  No,  — of  the  U.  S.  Geological  Survey y  entitled 
"  The  Flow  of  Heat  Through  Furnace-Walls." 

Further  experiments  will  be  conducted  concerning  this  phase 
of  the  subject.  These  combustion-investigations  in  the  elon- 
gated furnace  arc  being  preceded  and  supplemented  by  chemi- 
cal and  microscopical  investigations  of  the  coals  with  a  view  to 
determining  the  origin  and  the  hydrocarbon  composition  of  each 
of  the  coals  under  examination. 
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[TBANBACTI0N8  OF  THE  AMERICAN  INSTITUTE  OF  MINING  EN0INEEB8.] 


Pan-Amalgamation:  an  Instructive  Laboratory- 
Experiment. 

Beply  to  the  discussioD  of  the  paper  of  Measra.  Hofman  and  Ha/ward  bj 
Geox^  W.  Kiter,  BtdUHn  No.  89,  March,  1910,  pp.  249  to  251. 

H.  O.  HoFMAN  and  C.  R.  Hatward,  Boston,  Mass.  (commu- 
nication to  the  Secretary*) : — The  discuasion  of  our  paper  by 
George  W.  Biter  is  of  considerable  interest  in  that  it  shows 
how  omissions  on  the  part  of  a  writer  render  obscure  certain 
parts  of  a  paper,  and  how  unsatisfied  expectations  on  the  part 
of  the  reader  lead  him  to  put  a  wrong  interpretation  upon 
what  has  been  written* 

Taking  up  the  criticisms  in  the  order  in  which  they  have 
been  made  : 

The  paper  is  accused  not  only  of  failing  to  clear  up  disputed 
points  in  pan-amalgamation,  but  of  committing  the  fault  of  in- 
creasing the  confusion  that  may  still  exist,  in  explaining  the 
reactions  that  govern  the  process.  The  main  object  of  the  paper 
wiEts  to  show  that  pan-amalgamation  can  be  made  to  serve  as 
a  valuable  typical  experiment  for  teaching  a  student  how  to 
adapt  a  metallurgical  process  to  the  treatment  of  a  given  ore. 
At  the  same  time  this  laboratory-experiment  supplements  the 
class-room  exercise ;  in  addition,  it  interests  the  student^  in  that 
the  results  obtained  are  quantitative  and  of  such  a  character 
that  they  can  be  used  as  a  basis  for  large-scale  treatment  of  the 
ore  under  consideration ;  and  lastly,  as  carried  out  at  the 
Massachusetts  Institute  of  Technology,  the  summarizing  of  the 
results  of  a  series  of  ten  experiments  is  accomplished  in  a  few 
days,  before  the  attention  of  the  student  is  diverted  by  other 
metallurgical  work.  The  study  of  disputed  points  in  pan- 
amalgamation  did  not  come  under  consideration  at  all.  In  fact, 
if  this  had  been  the  object,  the  manner  of  going  to  work  would 
have  taken  an  entirely  different  character.  An  example  oi 
students'  work  along  this  line  is  given  later. 

The  supposition  in  the  paper  that  each  test-lot  of  1,800  g.  of 
ore  contained  exactly  5.499  g.  of  silver  is  attacked,  and  the  sug- 
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gestion  is  made  that  this  was  improbable.  As  the  m^ethod  o^ 
preparing  the  ore  for  the  tests  was  not  given,  this  criticism  is 
jastified ;  it  will  disappear,  however,  when  the  manipulations  are 
described.  The  lot  of  ore  was  crushed  to  pass  a  80-mesh  sieve, 
mixed  thoroughly  on  the  crusher  floor,  and  sampled  by  firae- 
tional  selection,  every  third  shovel  being  reserved,  until  the  lot 
was  reduced  to  about  60  lb. ;  this  was  further  cut  down  by 
means  of  a  split-shovel,  etc.,  to  furnish  two  5-lb.  samples. 
These  were  assayed  by  crucible^  and  scorification-methods,  and 
the  results  were  corrected  by  determining  the  losses  due  to 
scorification  and  cupel-absorption.  The  ore  was  packed  into 
air-tight  wooden  boxes,  each  holding  about  60  lb.,  and  stored. 
Whenever  a  box  was  taken  out  for  class-work,  it  was  emptied 
and  the  contents  were  thoroughly  mixed.  The  procedure  in 
handling  the  ore  justifies  the  assumption  that  any  uneven  dis- 
tribution of  silver  due  to  a  possible  unmixing  in  storage  was  cor- 
rected before  the  ore  was  charged  into  the  pan,  and  the  accept- 
ance of  the  original  assay,  and  with  it  the  presence  of  5.499  g. 
of  silver  in  1,800  g.  of  ore,  was  therefore  warranted. 

The  third  objection,  that  an  excess  of  salt  was  used  over  that 
which  the  water  could  dissolve,  holds  good,  and  we  plead  guilty. 

In  the  paper  the  statement  was  made  (p.  626)  that  it  did  not 
seem  clear  why  the  extraction  in  silver,  high  with  an  addition 
of  6  per  cent,  of  salt,  should  decrease  with  10  per  cent,  and  then 
rise  again,  and  that  the  anomaly  required  ftirther  investigation. 
In  a  recent  series  of  tests,  the  highest  percentage  of  salt  was 
given  to  pan  No.  1  and  no  salt  to  pan  No.  10,  instead  of  having 
the  reverse  order  as  usual,  because  it  was  suspected  that  the  fall 
in  extraction  might  have  something  to  do  with  the  working  of 
the  pans.  We  were  led  to  this  idea,  because  with  the  style  of 
pan  formerly  used  in  the  laboratory,  some  pans  always  gave 
better  results  than  others,  but  in  the  present  pans  no  such  dis- 
crepancies had  been  noticed,  as  the  pulp-current  always  appeared 
to  be  uniform.  In  Fig.  1  the  dotted  curve  represents  the  line 
given  in  the  original  paper ;  the  full-drawn  curve  shows  the  re- 
sults obtained  by  the  last  series.  Here,  as  was  expected,  the 
extraction  increased  quickly  with  an  addition  of  from  1  to  6 
per  cent,  of  salt,  then  more  slowly  with  from  6  to  10  per  cent, 
and  remained  practically  unchanged  when  more  than  10  per 
cent,  was  used.   The  quicker  rise  of  the  new  curve  and  its  gen- 
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eral  position  above  the  older  one  are  probably  due  to  the  time 
of  grinding  having  been  changed  from  1.5  hr.  to  1  hour. 

As  to  the  use  of  blue  vitriol  in  an  iron  pan,  the  fact  that  iron 
precipitates  copper  was  not  overlooked ;  it  could  not  well  be, 
considering  the  weight  and  copper-content  of  the  retort^silver 
obtained  by  these  tests.  Nevertheless,  experiments  were  carried 
out  with  an  addition  of  blue  vitriol,  as,  according  to  practically 
all  reliable  literature  on  pan-amalgamation,  this  salt  is  one  of 
the  first  reagents  with  which  to  experiment  for  an  increase  in 
the  yield  of  silver.  The  conclusion  drawn  from  the  results,  that 
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PER  CENT.  OF  SALT  IN  THE  CHAROB 

Fio.  1.— CuBvxs  Showino  Efvxot  of  Vabyiko  thjb  Pebcsntaqx  of  Saxt. 

blue  vitriol  had  no  beneficial  eifect,  in  fact  decreased  the  ex- 
traction with  the  ore  under  consideration,  is  not  misleading,  but 
absolutely  exact. 

We  may  add  that,  in  connection  with  the  tests  with  blue  vit- 
riol in  iron  pans,  experiments  were  carried  on  in  copper  pans  of 
the  same  construction,  the  copper  containing  1  per  cent,  of  sili- 
con in  order  to  reduce  the  wear.  As  grinding  in  copper  pans 
is  not  permissible,  the  pulp  was  previously  ground  to  pass  a 
100-mesh  sieve.  The  extraction  of  silver  based  on  the  tailings- 
assay  was  unsatisfactory ;  basing  a  yield  on  the  silver  recovered 
in  the  amalgam  was  not  feasible  on  account  of  the  practical 
impossibility  of  cleaning-up  the  pan.     Work  in  copper  pans 
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was  therefore  dropped.  If  pan-amalgamation  were  a  live  iesue, 
it  might  be  worth  while  to  try  the  bronze  pans  as  ased  in  the 
Franke  Una  procesB  at  the  Huanchaca  mine,  Bolivia.^ 

The  results  of  Mr.  Riter  with  the  ore  that  he  was  treating  in 
a  large  pan-mill  are  of  interest  as  far  as  they  go ;  they  woald 
have  been  more  valuable  if  he  had  told  us  more  about  the 
character  of  the  ore.  However,  he  falls  into  the  error  of  making 
"  hasty  generalizations,**  which  tend  "  towards  further  confu- 
sion "  of  a  subject  that  "  is  incomplete  and  full  of  conflicts  " — 
just  the  points  that  we  avoided,  and  that  he  read  into  our  text, 
although  they  are  not  there.  In  carrying  on  a  metallurgical 
investigation,  accurate  conclusions  can  only  be  arrived  at  if  a 
test  or  a  series  of  tests  is  so  planned  as  to  determine  the  status 
of  not  more  than  one  variable.  As  soon  as  you  ask  your  ex- 
periment to  give  an  answer  at  the  same  time  to  more  than  one 
question,  you  are  sure  to  go  astray. 

We  can  heartily  indorse  the  recommendation  of  the  works 
of  Percy  and  Collins  on  the  metallurgy  of  silver.  All  the 
books  of  Percy  are  of  permanent  value,  because  he  studied 
critically  the  metallurgical  chemistry  of  the  metals  he  was  dis- 
cussing and  supplemented  by  original  experiment  any  gaps  that 
he  found  in  his  study.  Even  if  Percy's  Silver  and  Grold  was 
somewhat  out  of  date  as  regards  practice  when  it  appeared  in 
1880,  in  our  day  we  go  back  to  it  when  a  question  as  to  the 
metallurgical  behavior  comes  up,  to  see  whether  he  has  said 
anything  about  it.  Of  Collins's  Metallurgy  of  Silver  we  are 
awaiting  a  new  edition,  in  which  we  may  expect  to  find  the 
new  available  material  carefully  chronicled  and  sifted,  as  is  the 
case  in  the  original  work. 

As  the  conclusions  of  Mr.  Riter  with  regard  to  the  treatment 
of  a  certain  ore  in  an  iron  pan  mention  the  behavior  of  silver 
sulphide,  some  data  taken  from  the  records  for  1899  of  the 
metallurgical  laboratory  of  the  Massachusetts  Institute  of  Tech- 
nology may  be  given  to  supplement  the  general  knowledge 
available  at  present.  The  leading  statements  regarding  the  be- 
havior of  silver  sulphide  are  those  of  Percy,*  Schnabel,*  Adams,^ 

'  Engineering  and  Mining  Journal^  vol.  xxxviii.,  No.  8,  p.  121  (Aag.  2S,  1884). 
'  MetaUurgy :  The  Art  of  EztracUng  MetaUfrcm  Their  Ores,    SUver  and  OoUL — 
Part  I.,  p.  74  (London,  1880). 

*  (Translated  by  H.  Louis)  Haiidbook  of  MetaUurgy,  vol.  i.,  p.  743  (1905). 

*  Engineering  and  Mining  Jowmal,  vol.  zL,  No.  15,  p.  233  (Apr.  11,  1871). 
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Huntington,^  and  Rammelsberg/  Percy  saje  that  silver  sul- 
phide subjected  to  the  action  of  an  aqueous  solution  of  sodium 
chloride  with  access  of  air  gives  no  silver  chloride.  Schnabel 
records  that  silver  sulphide  is  slowly  decomposed  by  quick- 
silver, with  the  formation  of  mercuric  sulphide,  and  that  the 
decomposition  is  more  rapid  in  the  presence  of  iron,  especially 
upon  heating.  J.  M.  Adams  found  that  an  addition  of  salt  to 
the  pan  did  not  chloridize  the  silver  in  the  ore,  but  had  a  stimu- 
lating effect  upon  the  extraction,  as  the  yield  in  silver  was 
always  higher  when  salt  was  present  than  when  it  was  absent. 
Huntington's  work  shows  that  quicksilver  extracts  from  silver 
sulphide  in  the  presence  of  sodium  chloride,  sand,  and  water 
about  87  per  cent,  of  the  silver,  while  the  yield  is  only  29  per 
cent,  in  the  absence  of  salt.  Rammelsberg  found  that  silver 
sulphide  was  decomposed  only  slowly  by  quicksilver  in  the 
presence  of  water  at  100°  C. ;  the  yield  of  12  per  cent,  was 
increased  rapidly  to  95.2  per  cent,  with  the  addition  of  iron. 

In  the  experiments  carried  out  in  1899,  the  finely-divided  sil- 
ver sulphide  was  prepared  ^  by  fusing  together  silver,  sulphur, 
and  carbonate  of  potash  and  leaching  the  cake  in  the  water. 
It  may  be  added  that  the  sulphide  obtained  is  a  slimy  mass, 
which  settles  very  slowly  and  is  extremely  difficult  to  wash 
completely.  Some  silver  sulphide  was  prepared  by  precipita- 
tion from  a  nitrate  solution  by  means  of  hydrogen  sulphide. 
No  difference  was  noticed  in  the  behavior  between  the  sul- 
phides prepared  in  the  dry  and  in  the  wet  way.  An  artificial 
ore  was  made  up  by  mixing  60  per  cent,  of  quartz,  ground 
through  a  40-me8h  sieve,  and  40  per  cent,  of  fire-clay.  This 
proportion  was  chosen,  as  it  proved  to  furnish  the  most  satis- 
factory pulp-current.  Enough  silver  sulphide  was  added  to  the 
mixture  to  furnish  an  ore  assaying  100  oz.  of  silver  to  the  ton. 

The  pan-charges  were  made  up  of  1,200  g.  of  quartz,  800  g. 
of  clay,  800  g.  of  water,  and  400  g.  of  mercury.  The  time  of 
amagalmating  was  90  min.,  and  the  temperature  of  the  pulp 
about  70**  C. 

1.  Amalgamation  in  a  copper  pan  with  hydrant-water  gave 

^  Engineenng  and  Mining  Joumaly  vol.  zzziv.,  No.  12,  p.  160  (Sept  16,  1882). 

*  Zeilseknft Jvr  das  Berg-,  HiiUen^  und  SaHneU'Weaen  im  Preusnaehen  SlaaJtty  voL 
xxiz.y  p.  191  (1881) ;  Engineering  and  Mining  Journal,  vol.  xxzii.,  No.  22,  p.  854 
(Not.  2«,  1881).  ^  Berthier,  TraiU  des  EesaU,  vol.  iL,  p.  781  (1834). 
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66  per  cent  extraction ;  with  hydrant-water  and  1  per  cent  by 
volume  of  H,S049  sp.  gr.  1.84,  gave  68  per  cent  extraction; 
with  hydrant-water,  and  salt  to  the  amount  of  5, 10,  and  15  per 
cent  of  the  weight  of  the  ore,  gave,  respectively,  84,  94,  and 
96  per  cent  extraction. 

2.  Amalgamation  in  an  iron  pan  with  hydrant-water,  and 
Bait  to  the  amount  of  5, 10,  and  15  per  cent  of  the  weight  of 
the  ore,  gave,  respectively,  87,  70,  and  68  per  cent,  extraction. 

The  results  show  that  acidifying  the  pulp  increases  slightly 
the  yield  in  silver,  that  an  addition  of  salt  has  a  very  favorable 
effect,  and  that  copper  acts  more  energetically  than  iron. 

8.  Amalgamation  in  a  copper  pan  with  distilled  water — ^the 
quartz  and  clay  having  been  first  digested  with  hot  distilled 
water  until  all  soluble  salts  had  been  extracted — was  carried  on 
to  see  whether  the  decomposition  of  the  silver  sulphide  was 
due  to  chemical  or  to  galvanic  action.  The  electric  conduc- 
tivity of  the  water  after  a  charge  of  water,  mercury,  and  quartz- 
clay  mixture  had  been  worked  was  found  to  be  28  times  as 
great  as  the  conductivity  of  the  original  distilled  water,  show- 
ing that  the  preliminary  digestion  had  not  been  sufficient,  and 
that  in  the  amalgamation  some  salts  had  gone  into  solution ; 
an  addition  of  silver  sulphide  to  the  pulp  and  working  again 
under  standard  conditions,  increased  the  conductivity  only 
three  times  above  the  last  figure,  proving  that  only  a  small 
amount  of  the  sulphide  had  been  rendered  soluble.  The  con- 
clusion is  that  the  decomposition  of  silver  sulphide  is  mainly 
chemical  and  only  slightly  electrolytic. 

4.  Amalgamation  in  a  copper  pan  with  hydrant-water,  salt 
to  the  amount  of  10  per  cent,  of  the  weight  of  the  ore,  and  an 
addition  of  5  and  10  per  cent  of  galena,  gave,  respectively,  88 
and  85  per  cent,  extraction ;  5  and  10  per  cent  of  chalcopyrite 
gave  80  and  85  per  cent,  extraction,  showing  that  the  presence 
of  these  base-metal  sulphides  has  a  harmful  effect 

The  data  furnished  are  not  sufficiently  complete  to  settie 
definitely  the  manner  and  the  rate  of  decomposition  of  silver 
sulphide,  but  they  show  the  trend  of  the  reaction  and  indicate 
the  yield  that  may  be  expected  under  conditions  resembling 
those  of  the  experiments.  The  subject  has  not  been  carried 
further,  as  the  interest  in  pan-amalgamation  has  decreased  in 
recent  years.  The  manner  of  carrying  on  experimental  work 
of  this  kind  retains  its  original  value. 
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Glass  Mine-Models. 

Discufluon  of  the  paper  of  Edmund  D.  North,  preaented  at  the  Spokane 
meeting,  September,  1909,  and  published  in  BuUeUn  No.  37, 

January,  1910,  pp.  21  to  25. 

A.  ScoTT  Rbid,  London,  Sng*  (communication  to  the  Secre- 
tary*) : — As  a  constructor  of  several  glass  mine-models,  I  have 
read  with  much  interest  the  description  of  the  model  of  the 
Montana-Tonopah  mine-workings  by  Edmund  D.  North. 

As  an  interchange  of  ideas  and  experience  is  always  an 
advantage,  and  in  view  of  the  fact  that  such  models  are  coming 
more  and  more  into  vogue,  perhaps  the  following  remarks  on 
this  subject  may  prove  of  interest  to  mining  engineers  gener- 
ally and  to  Mr.  North  particularly. 

In  the  model  of  the  Waihi  gold-mine,  New  Zealand,  which  I 
constructed,  a  dust-proof  case  is  used.  The  top,  bottom,  front, 
and  two  ends  are  of  glass ;  the  back  only  is  of  wood,  painted  a 
dull  white,  against  which  the  mine-workings  show  very  dis- 
tinctly. Each  mine-level  is  represented  by  a  horizontal  sheet  ot 
glass,  supported  on  metal  runners  fixed  to  the  uprights  at  each 
end  of  the  case,  in  a  manner  similar  to  that  described  by  Mr. 
North.  The  corner  uprights  are  strengthened  by  having  a 
metal  band  screwed  to  the  inside  face  of  each,  to  which  the 
metal  runners  or  supports  for  the  sheets  of  glass  are  screwed  in 
turn.  The  reason  for  having  this  additional  strength  is  that  as 
the  mine  is  developed  in  depth,  and  fresh  levels  are  opened, 
the  increasing  weight  of  the  glass  sheets,  added  to  the  model, 
caused  the  unsupported  wooden  uprights  to  bend  slightly,  so 
that  the  glass  sheets  did  not  fit  in  with  the  desired  nicety,  and 
co-ordination  was,  to  a  considerable  extent,  lost.  Strengthen- 
ing the  uprights  in  this  manner  is  not  important  in  models  of 
mines  in  which  only  a  few  levels  have  been  opened,  or  when 
the  sheets  of  glass  are  small,  but  in  the  Waihi  model  there 
are  15  sheets  of  glass  to  be  supported,  and  more  to  be  added 
as  development  proceeds,   and  the  weight  is  considerable. 

*  Received  Feb.  26,  1910. 
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The  glass  sheets  are  24  by  40  in.  in  area  by  0.25  in.  thick. 
Thick  glass  is  used  because  thinner  sheets  of  this  large  size 
sagged  somewhat.  The  front  only  of  the  model  is  removable, 
and  is  held  in  place  at  the  bottom  by  metal  pegs  fitting  into 
holes  in  the  base  stretcher,  as  in  Mr.  North's  model,  and  by 
key-locks  at  the  top. 

The  mine-workings  are  traced  on  the  glass  from  the  plans 
in  a  manner  similar  to  that  described  by  Mr.  North.  Ordinary 
artist  oil-colors  are  used,  reduced  to  a  workable  consistency  by 
diluting  with  "  megilp "  or  turpentine ;  also  a  little  prepared 
sugar  of  lead  is  added  to  hasten  the  drying.  I  have  found  a 
ruling-pen  to  be  the  best  instrument  with  which  to  do  the  let- 
tering on  the  glass ;  the  other  work  is  done  with  a  small  sable- 
hair  brush. 

The  idea  of  using  a  different  color  for  the  drives  and  cross- 
cuts at  each  level  is  good,  and  must  be  of  great  advantage  in 
many  cases.  In  the  Waihi  model  all  the  drives  and  cross-cuts 
at  each  level  are  drawn  in  black,  and  the  reef  is  painted  on  in 
crimson,  the  walls  being  indicated  by  a  thin  vermilion  line. 
The  width  of  the  reef  is  indicated  by  vermilion  figures  at  the 
ends  of  the  various  cross-cuts  through  the  reef  and  at  other 
desired  points.  All  figures,  signs,  and  notes  in  red  refer  to  the 
reef;  all  in  black  refer  to  levels,  number  of  levels,  the  depth 
down  the  shaft,  names  of  cross-cuts,  etc.,  other  colors  being 
used  to  indicate  geological  features. 

Another  point  of  difference  between  Mr.  North's  model  and 
those  which  I  have  constructed  is  that  I  use  thin  sheets  of  gelar 
tine  instead  of  glass  to  represent  the  vertical  sections.  This 
gelatine,  which  is  made  in  sheets,  28  by  19  in.  in  size,  is  cut 
into  strips  just  sufficiently  wide  to  clear  vertically  the  space 
between  two  levels,  and  when  set  in  position  the  strips  repre- 
sent the  standing  reef  between  two  levels.  The  sheets  are 
placed  in  position  along  the  reef  on  the  glass,  following  the 
windings  of  the  reef,  and  are  held  in  place  by  means  of  small 
angle-pieces  of  the  same  material,  which  are  fixed  to  the  glass 
and  to  the  vertical  gelatine  strips  by  means  of  transparent  glue 
or  cement.  The  strips  of  gelatine  are,  of  course,  sloped  to 
correspond  with  the  dip  of  the  reef  between  levels,  the  term 
"  vertical "  being  only  approximate,  since  the  gelatine  strips 
will  be  vertical  only  when  the  reef  is  so.     The  gelatine  sheet 
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is  easily  manipulated  and  cut  with  scissors,  and,  if  held  in  a 
moderate  heat,  it  can  be  bent  to  the  desired  curve,  which  it 
retains  when  cold.  The  angle-pieces  are  made  by  holding  small 
oblong  pieces  of  the  gelatine  against  an  electric  lamp  and  fold- 
ing them  to  the  required  angle.  On  these  vertical  gelatine 
strips  the  stopes  and  winzes  are  shown.  As  stoping  proceeds, 
the  gelatine  is  gradually  covered  with  crimson  paint  until  the 
whole  of  the  ore  between  any  two  levels  is  taken  out.  When 
necessary  to  indicate  the  thickness  of  a  reef  between  two  levels, 
this  is  done  by  sticking  on  pieces  of  gelatine  transversely  to  the 
strike  of  the  reef,  and  painting  on  these  pieces  the  cross-section 
of  the  reef.  The  vertical  glass  cross-sections  in  Mr.  North's 
model  serve  this  purpose,  and,  as  he  points  out,  at  the  same 
time  act  as  supports  to  the  horizontal  glass  sheets. 

Winzes  are  shown  by  broad  black  lines  drawn  on  the  gela- 
tine, and  where  these  are  sunk  in  ore  a  narrow  strip  of  crimson 
paint  is  drawn  down  each  side ;  these  crimson  lines  are  omitted 
when  the  winze  is  in  country-rock  or  in  unpayable  quartz. 
The  gelatine  strip  is  added  to,  from  winze  to  winze,  as  the 
stopes  are  extended  longitudinally.  Obviously  there  is  no  need 
to  put  in  any  gelatine  where  the  reef  is  unpayable  and  will  not 
be  stoped. 

The  contour  of  the  surface  of  the  ground  is  indicated  in  a 
general  manner  by  vertical  strips  of  gelatine,  radiating  in  all 
directions  from  the  highest  point  to  the  boundary-lines  of  the 
mine.  These  strips  are  cut  along  the  top  edge  to  the  required 
slope  to  represent  the  hill  in  which  the  upper  workings  of  the 
mine  are  situated,  and  a  green  line  about  \  in.  broad  is  painted 
along  the  top  edge.  As  the  ground  slopes  away  the  green  line 
is  continued  on  the  gelatine  on  successively  lower  glass  sheets. 

Pillars  of  wood,  ^  by  -j^^  in.  in  cross-section,  painted  black, 
represent  the  hauling-  and  pumping-shafts,  and  ^  in.  square 
pillars  represent  filling-shafts. 

The  top  and  bottom  glass  sheets  are  ruled  off  into  2-in.  (= 
100-ft.)  squares,  lettered  alphabetically  along  the  top  and  bottom, 
and  numbered  along  the  ends.  The  boundary-lines  are  drawn 
on  each  level;  and  the  bottom  glass,  instead  of  being  ground, 
as  in  Mr.  North's  model,  has  strained  over  it  a  sheet  of  thin 
tracing-drawing  paper,  which  is  rather  more  opaque  than  ordi- 
nary tracing-paper,  and  diffuses  the   light  from  the  electric 
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lamps  underneath  very  satisfactorily.  The  model  stands  on 
supports  8  in.  high,  and  in  the  space  between  the  floor  and  the 
glass  bottom  of  the  case  the  electric  lamps  are  placed.  These 
lamps,  six  in  number,  are  fixed  in  groups  of  two  on  three 
oblong  wooden  blocks  which  lie  unfixed  on  the  floor;  the 
blocks  measure  10  by  8.5  by  1  in.,  and  are  connected  with 
each  other  by  18  in.  of  loose  wire.  The  object  in  hai^ng  the 
lights  movable  is  that  the  whole  six  lights  may  be  concentrated 
when  desired,  but  normally  they  are  spread  out  to  give  the  best 
general  light  to  the  model. 

The  scale  of  the  model  is  50  ft.  to  1  in.  Two  other  models, 
similar  in  all  respects  to  the  Waihi  model,  except  that  they  are 
4  in.  shorter,  are  necessary  to  contain  the  Waihi  mine-work- 
ings. The  total  height  of  the  model,  from  the  floor  to  the  top 
of  the  case,  is  8  ft.  9  in. 
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The  Limit  of  Fuel-Economy  in  the  Iron  Blast-Furnace. 

BY  N.   M.   UMTGDON,  MANGBLONA,  MIOH. 
(Spokane  Meeting,  September,  1909.) 

Thb  following  corrections  to  the  paper  of  Mr.  Langdon  (Bulr 
Utin  No.  34,  October,  1909,  pp.  919  to  940),  received  after  the 
publication  of  the  paper  in  the  BuUeHriy  will  be  incorporated  in 
the  paper  as  finally  published  in  the  forthcoming  Vol.  XL.  of 
the  TranaactioTiSj  but  are  here  presented  for  the  information  of 

members : 
Pfcge. 

921.  Table  I.,  furnace  M2,  item  11.  For  "8801  "read  "0.8801." 

922.  Table  11.,  furnace  0,  item  2,  under  gas.     For  "  0.011  C  " 

read  «  0.011  O." 
Furnace  G,  item  18,  under  gas.     For  "  6.074  air  "  read 

"  8.074  air."     Item  15,  «  4.269  "  should  be  «  4.289. 
Furnace  H,  item  2,  under  iron.  For  «  0.04  "  read  «  0.01. 
928.  Table  n.,  furnace  J,  item  1,  under  iron.     For  "  0.95  " 
read  "  0.98." 
Furnace  Kr2,  item  6,  under  gas.     For  «  0.66  CO, "  read 
"  0.066  CO,." 
924.  Table  m.,  furnace  C,  item  17.     For  «  879  "  read  "  897." 

927.  Table  IV.,  furnace   C,   item   4.     For  "0.0124"   read 

"  0.0424." 
Furnace  G,  item  15.     For  "  4,060  "  read  "  4,066." 

928.  Line  2.     Items  19  and  20  of  heat-supply,  should  be  items 

20  and  21. 
980.  Line  8.  Expunge  remainder  of  paragraph  after  the  word 
"  supplied,"  and  substitute  the  following :  "As  com- 
pared with  the  fusion-zone,  the  loss  by  radiation  n  C 
was  25.5  per  cent  of  the  total  (2,278  units)  supplied  to 
that  zone,  while  in  D  it  was  22.5  per  cent,  of  the  total 
heat  (1,824  units)  supplied  to  that  zone.  Finally,  as 
compared  with  the  reduction-zone,  C  lost  by  radiation 
86.8  per  cent,  of  the  1,580  units  supplied  to  that  zone, 
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while  D  lost  26.4  per  cent,  of  the  1,557  units  supplied. 
The  comparison  thus  shows  a  saving  in  heat  lost  by 
radiation  by  D  of  2.9  per  cent,  of  the  total  heat  sup- 
plied, 8  per  cent,  of  the  heat  of  the  fusion-zone,  and 
10.4  per  cent,  of  the  heat  of  the  reduction-zone." 
Line  14.  For  "  radiation  of  the  heat "  read  "  radiation 
relative  to  the  heat." 

936.  Line  6.     Expunge  "  (item  15,  Table  lEL),"  and  in  line  7, 

after  "  gas,"  insert  «  (item  12,  Table  IIL)." 
Line  19.     For  «  653  "  read  "  552." 

937.  Line  18.     For  "2249  "  read  "  2240." 

0.88  0T88 

940.  Expunge  first  paragraph  under  the  heading  "Conclusions," 
and  replace  by  the  following :  "  Upon  careful  considera- 
tion of  the  foregoing  facts  and  figures,  it  will  be  evident 
that  there  are  no  more  startling  economies  in  fuel-con- 
sumption by  the  iron  blast-furnace  to  be  achieved  by  a 
further  improvement  in  the  air-blast,  elimination  of  the 
nitrogen  having  been  shown  to  be  a  detriment  instead 
of  a  benefit." 
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ClareiDont,  N.  H.       El  Paso  New  York  St.  Louis 

Cobalt,  Qui.  Joplin  Salt  Lake  Seattle 


Advertisements. 

INSTRUMENTS 

FOR 

MINING  AND  CIVIL  ENGINEERS 

Standard  Weights  and  Measures  and 

Accurate  Mercurial  Thermometers. 


W.  &  L.  E).  GURLEY 

TROY,  N.  Y.,  U.  S.  A. 

BRANCH  FACTORY, 
MANUFACTURERS  EXCHANGE  BUILDING,  SEATTLE,  WASH. 

Catalogues  mailed  on  request. 


INGERSOLL-RAND  CO. 


AIR  COMPRESSORS 

Whether  to  niD  ooe  drill  or  a  buadred — whatever  the  size  of  your  mine  or 
the  Dature  of  your  work — whea  you  buy  that  aew  compressor  you 
will  want  exactly  the  right  nMchlne  for  your  particular  iriant. 

When  the  time  comes  to  buy,  will  you  go  to  (he  "one  type"  builder?  Or  will 
you  place  youi  problem  in  the  hands  of  the  builder  who,  because  of  hii 
diversified  tine,  catt  furnish  you  a  Standard  Compressor  at  a  Standard 
price  which  will  be  Specially  suited  to  your  needs  ? 

Vou  had  better  not  compromise,  li  will  b«  less  expensive  in  the  end 
for  you  to  insist  upon  getting  just  what  you  want 

The  Standard  Ingersoll-Rand  Compressor  line  aifords  you  a  range  of  cboice 
which    all    competition    combined   cannot  offer  you— Twenty   Standard 

Types  and  More  Than  a  Thousand  Sizes. 
Every  Type  Is  an  Up-to-the-ninute  Machine.     Each  one  hss  been 
designed  with  a  definite  object  in  view,  with  certain  operating  conditions  to 


There  is  just  one  thing  uniformly  characteristic  of  this  entire  line,  whether  for  S 
or  8,000  cu.  ft.  capacity— and  (hat  is  Ingersoll-Rand  Quality. 

Quality  In  any  machine  U  that  which  dUtlnguishes  dividend- 
paying  capacity  from  cheapness.  It  stands  for  maiimum  sustained 
economy,  uninterrupted  service,  loueBi  up-keep  charges,  uniform  satisfaction. 

For  thirty-nine  years  Compressors  of  Quality  have  been  Inger- 
soll-Rand Compressors. 

Shall  we  quote  you  now  on  one  of  these  dividend-paying  machines  ? 


BianHOHiii 

BuDXpnt 
DuMELiKiar 


11  BROADWAY,  NEW  YORK 


Mexico  City 
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EXTRACT  ALL  THE  VALUES 

n 

BY  USING 

1 

THE  FULLER-LEHIGH  MINING  MILL| 

for  pulverizing 

your  ore.     The  finished  product  de-         | 

livered  by  this 

machine   contains  the  highest 

per- 

centage   of    mineral   available    for   extraction, 

and 

makes  extraction  of  all  the  values  possible. 
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from  60  to  150  mesh.     In  one  operation  and  without         1 

subsequent   screening,   it  takes   ^"  material  direct         | 

from 

crushers 

and   delivers  4  to  6  tons   per 

hour         I 

with 

a  consumption  of  less  than  65  H.P. 
Particulars  on  requett. 

LEHIGH  CAR 

,  WHEEL  &  AXLE  WORKS  1 

MAIN  OFFICE,  CATASAUQUA,  PA. 

1 

NEW  YORK,  N.  Y. 

HAMBURG,  GERMANY                  KAK8A8 

ClTi-.  MO.       1 

^■"""" 

Tbe  Slf^&n  of  the  Caiueroo— 

"  CHARACTER  THE  GRANDEST  THING  • 


CAMERON 

Vertical  Plungfer  Sinking 
PUMP 

The  services  of  a  skilled  engineer  are 
not  absolutely  essential  as  with  many 
more  complicated  types,  for  a  Cameron 
is  made  right  to  start  with — stays  right 
and  works  right  everywhere. 

Not  the  least  of  its  many  superior 
points  is  its 

-*^PRIMINC  VALVE 

with  which  every  Cameron  Pump  of 
this  pattern  is  equipped  —  this  valve 
never  locks. 

This  pump  is  easily  and  quickly 
packed  from  the  outside,  and  its  few 
simple  parts  are  skillfully  made,  properly 
fitted,  and  will  stand  the  test  of  years. 

New  Cameron  Catalog,  Edi- 
tion "E"  illustrates  and  de- 
scribes all  types  of  Cameron 
Pumps.  Sent  on  request  to 
interested  pump  users  and  min- 
ing engineers. 


A.  S.  Cameron  Steam  Pump  Works 

Foot  of  East  23rd  Street  HEW  YORK 
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"PERMISSIBLE  EXPLOSIVES" 

For  Gaseous  and  Dusty  Coal  Mines 


MONOBEL 


CARBON1TE 


No.  1    No.  2    No.  3       No.  1    No.  2    No.  3    Na  4  AXXO 

The  exclusive  use  of  one  or  the  other  of  these  Explosives 
in  coal  mines  where  gas  or  dust  occur  is  a  long  step  toward 
the  elimination  of  mine  disasters.  If  properly  used,  Monobel 
No.  3  or  Carbonite  No.  4  will  not  shatter  the  coal  any  more 
than  blasting  powder  will. 

Write  us  for  detailed  infoiination. 

E.  I.  DU  PONT  DE  NEMOURS  POWDER  COMPANY 

Established  1802.  Wilmington,  Del.,  U.  S.  A. 


Adamantine  Chrome  Steel 

For  Stamp  Mill  Wearing  Parts 


Ganda 

Self-Locking 

Cams 


(Jsnda  Patent  Cai; 


SHOES  AND  DIES 


Canda  Cams  are  easilj  adjusted  to 
the  ordinary  Cam  Shaft.  All  Cami 
are  intercbacgeable  on  the  game 
shaft.  Absolutely  Self- Locking. 
Will  never  work  loose. 
Over  8,000  Cauda  Self-LockiDg 


J.  F.  Spellmaii.  ■US  Cenlur?  Bldg., 

Heater,  Col. 
G.  W,  Mj-crs,  721  Kohl  Bldg.. 

Saa  Fnoclsco.  C«J. 
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nine  Signaling  Sets 

CODE  No.  962 

Loud  Ringing  Signal  Bell 


8- Inch  Qongs 

This  iron-clad  alternating  current  bell  is  waterproof  and 
rustproof.  The  frame  is  strongly  built  and  provided  with  a 
water  shed,  mounting  for  condenser,  slots  for  receiving  wires  and 
an  adjustable  mounting  for  6-inch  or  8-inch  gongs,  as  specified. 
The  principal  features  of  this  simple  mechanism  are  the  armature 
adjustment  and  the  hermetically  sealed  metal  cases  for  the  ringer 
coils.  This  mechanism  can  be  submerged  in  water  and  come 
out  unaffected.  The  magnets  and  all  metal  parts  are  specially 
treated  to  adapt  them  for  use  in  mines.  The  housing  over  the 
mechanism  fits  under  the  water  shed  and  fastens  with  a  screw. 
Operated  on  a  circuit  with  No.  890  Mine-A-Phones  and  actuated 
by  current  from  our  No.  963  Iron  Clad  Hand  Generator. 

Prices  and  Complete  Data  NEW  Bulletin  NoM  000 

SntfiHBEIMKMSaNmHNiO 


Advertisements. 

BEER,  SONDHEIMER  &  CO. 

Fran kfort-on- Main,  Germany 

NEW    YORK   OFFICE        -        -        42   BROADWAY 

Zinc  Ores,  Cwbonales,  Sul|ihLdes  and  Mixed  Ores,  Copper  Ores, 
Copper  MBlle,  Copper  Bullion,  Lead  Bullion,  l,e«d  Ores.  Antimony 
Ores,  Iron  •nd  Manganete  <)rc».  Copper,  Spelter,  Antimony,  Anli- 
moni*l  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  ]  )usi. 

Ovvii  Smelting  and  Bettiilug  Works 


MINE 

PUMPS 

JEANESVILLE  IRON  WORKS  CO. 
HAZLETON,  PA. 


"  ■  TISCO    ' 

MANGANESE 

AXD  OTHER 

SUPERIOR  STEEL  CASTINGS 

Taylor  Iron  and  Steel  Company 

HIGH    BRIDGE,  N.  J. 


The  STUPAKOFF  LABORATORIES 

PITTSBURGH,  PA. 

Most  modem  equipment, 

Ekillful   expert  service  for 

TESTING, 

CALIBRATING 

and 

REPAIRING 

ELECTRICAL  MEASURING  INSTRUMENTS 

OK  EVERY  DP:?-CR1PTI0N 


AdvertiseTnents. 


"JUMBO" 

STEEL  PAN 

CONVEYORS 

Showing  our  "Jumbo" 
type  of  Conveyors  carry- 
ing crushed  stone  at  the 
Porto  Bello  Plant  of  the 
Isthmian  Canal  Commis- 
sion, Panama. 

See  our672-page  Cat- 
alog of  Conveying  and 
Screening  Machinery. 

STEPHENS-ADAMSON 
MFG.  CO. 

AUBOBA,  ILUNOIB 

164  Daubom  St.,        OHIOAOO 
SO  Chnrch  St. ,  NEW  TOEK  OITT 


BALDWIN  ACETYLENE 
MINE  LAMP 

One  hundred  per  cent,  more  light  Iban  oil  or 
candles  at  fift}'  per  cent,  less  cost.  Consumes  less 
than  one-fourtb  >•  tnucb  oxygen.  No  grease,  no 
smoke,  no  danger. 

Send  foi  descriplive  circulars  and  records  of  casi 
in  mines  now  using  [tie  lamps. 

JOHN  SIMMONS  CO,  110  Centre  St.,  N,  Y. 


/UFKiN 

Tapes  and  Rules 

ARE  THE  BEST  IN  THE  WORLD. 

Made  by  THE  LUFKIN  RULE  CO. 

Saginaw.  MIoh..  U.  8.  A. 
N«w  York.       London. 


AdvertiseTtiails. 
Established  1872 

F.  E.  BRANDIS,  SONS  &  CO. 

814  Gates  Avenue 
BROOKLYN  NEW  YORK 


WE    CONFINE    OURSELVES    STRICTLY    TO 
THE    MANUFACTURE    OF 

Mlulng  and  Snrveyliisr 
Instraments 

Our  motto  for  the  past  thirty-eight 
years  has  been  Mechanical  Perfection 
and  Unapproachable  Accuracy. 

Send  for  Cauloeue  No.  17. 


COLLECTIVE   INDEX  -^^  ^^hVuJi^E'*''''^ 

TRANSACTIONS   A.  I.  M.  E. 

p_,_-_ .  f  Bi>und  In  CInlh.  $5  (express  prepaW); 

mesa .  J  pomiii  jq  h^k  Morocco  to  mHirli  'IransHtlluii!-.  36  leiprere  prepaid). 

AMERICAN    INSTITUTE   OF    MINING    ENGINEERS 


"S&n"Airineters 

Porliible  Form,  DUI  Rending  1o  100,000  feet 

FiHcil  nitli    our    PaTEN'T    ZKROSETTING 

ATTAI'HMENT.  whereby  all  dills  call  Imniedl- 

Each  inslrumenl  In  iiiahosaDy  ckk  and  sup- 
plied with  correction  cbarts 

Manuracturad  by 

The  Short  &  Mason  Division  ILondon,  Eng.l 

Syh-/nstmmenf  Cmpanks 

ROCHESTER,  N.  Y. 


Advertisements. 

A  NEW  MINE  TRANSIT 

£OGE  DlfWED  nUTICAL  CIRCLE 
With  this  improvement,  all  readings 
t    of  angles  can   be  made  without  the 
observer  changing  his  position. 
Of  inestimable  value  as  a  time  saver 
to  the  Transitman. 

"SterliDg"  SnireyiBg  Instranieiits 
are  unquestionably  the  Highest  Quali- 
ty and  Latest  Improved  Precision 
Transits  and  Levels  made. 
Send  for  1910  Edition  Catalogue  of 
Surveying,  Engineering,  Meteorolo- 
gical and  Drafting  Instruments  and 
Supplies. 

ISZARD-WARREN  CO.,  Inc.. 

13G  N.  nth  St.,        PHILADELPHIA,  PA. 
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PROFESSIONAL  CARDS 


ALDRIDGE,  WALTER  H. 

Consultinff  Mining  and 
Metallurgical  Engineer 

Canadian  Pacific  Railway    TRAIL,  B.  C. 


BAXTER,  HAROLD 


Mining  Engineer, 


PHOENIX,  ARIZONA. 


BEATTY,  A.  CHESTER 

Consulting  Mining  Enginttr, 
71  Broadwayp 

NEW  YORK,  N.  Y. 

Cable  Address : 

Granitic. 

BRADLEY,  FRED.  W. 

Mining  Englneeft 

Crocker  Building, 

SAN  FRANCISCO,  CAL 

Cable  Addregg:  '*  Basalt "  8u  Fnadieo. 

Code:  Bedford-McNeill. 


BREWER,  WM.  M. 

Consuiting  Mining  Engineer 
and  Oeolttgijtt, 

P.  0.  Box  701,  VICTORIA,  B.  C. 

Connected  with  the  Tyce  Copper  Co.,  Ltd. 


CHANNING,  J.  PARKE 


Consulting  Engineer, 


COULDREY,  PAUL  S. 

Mining  Engineer, 

Superintendent  Mother  Lode  Mine 
6.  C.  Copper  Co. 

GREENWOOD,  B.  0. 


GARZA-ALDAPE.  J.  M. 

Mining  and  Metallirglcal  Engioeer 

Bkforts  on  Mexican  Mines 

Address  :  Calle  de  Rodriguez  No.  5 
(P.  O.  Box  No.  225) 

TORREUN-COAHUILA-MEXICO 


GREENE,  FRED  T. 

Mining  JBngineer, 
Silver  Bow  Club,         BUTTE,  HONT. 


42  Broadway, 


NEW  YORK. 


HAMMOND,  JOHN  HAYS, 

Consulting  Engineer, 


71  Broadway, 


NEW  YORK. 


Code:  B§dford^McM//. 


HANKS,  ABBOT  A. 

Clieniist  and  Assayer 

Established  1866 

Control  and  Umpire  Assays,  Supervi- 
sion of  Sampling  at  Smelters,  Chemical 
/Vnalyses  of  Ore^,  Minerals,  Mineral 
Waters,  etc. 

^  Saeremeito  St.    San  Francisco,  Cal. 


COLLECTIVE  IKDEI  TO  THE  TRANSACTIOVB 

OF  THB 

Americaa  lostitute  of  Mioiog  En^eers* 


See  Advertisement,  page  9,  January  number. 
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HARDMAN,  JOHN  E. 

Consulting  Mining  Engineer, 

112  St.  James  St. 

MONTREAL,  CANADA. 

JENNINGS,  E.  P. 

Consulting  Mining  EnglnoOTt 

607  Newhouse  Building, 

SALT  LAKE  CITY,  UTAH. 

HAWXHURST,  ROBERT,  Jr. 

62  London  Wail 

LONDOM,  E.  C,  ENGLAND 

Kempton,  C.  W.  &  P.  B.  McCoy, 

Mining  Engineers, 

m^:              ^2  Broadway, 
ExphratUm,                     M£w  YORK. 

Gable  Address :  **MaeUnt,'»  ITew  Tcrh, 
Code:  Western  ITnion, 

VICTOR  G.  HILLS                           FRANK   G.  WILLIS 

HILLS  &  WILLIS, 

Mining  Engineers, 

McPliee  Building,  DENVER,  COLO., 
and  CRIPPLE  CREEK,  COLO. 

Cable  Address :  «*  Hill  will  ' ' 

KERR,  MARK  B. 

C&nBulHnif  Bngi/neer 

MIUb  BnUdlng,  SAN  FRAN0I8C0,  CAL. 

PiT-rsBURG,  Gold  Flat  Mines  Company 

KIRBY,  A.  G. 

Metaliurgitt 

Ore  Testing,  Mill  Designing  and  Construc- 
tion.   Specialty  Concentration  and 
Cyanidation. 

Rooms  Z9-90  Gazette  Building,  RENO,  NEVADA 

Temponrj  Addras :  Cobalt,      ONTARIO 

c/o  Nova  Scotia  Silver  Cobalt  Mining  Co. 

HOYLE,  CHARLES 

Mining  Engineer, 

Apartado  8,  El  Oro, 

ESTADO  DE  MEXICO,  MEXICO. 

KLEPETKO,  FRANK 

Consulting  Engineer 
Mining  and  Metallurgy 

42  Broadway                NEW  YORK 

IRWIN,  FREDERIC, 

Mining  Engineer, 

General  Manager  Trade  Dollar  Con- 
solidated Mining  Co., 

DEWEY,  IDAHO. 

LEGGETT  &  HELLMANN, 

<}ona%iUing  Miming  JBngineera, 

35  Broad  St..             New  York  City. 
5x9  California  St.,     San  Pranciaco,  Cal. 
Salisbury  House,     London,  £.  C,  Eng. 

Cables:  Li^giiau,  H.  I.    Code:  Bedford-lcReill. 

(18) 


/ 


Advertisements. 
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LAW,  PAUL  W. 

Mining  and  Consulting  Engineer 

Real  del  Monte,    HIDALGO,  MEXICO 
Apartado  No.  8 


LEDOUX  &  COMPANY 

Assayers  and  Samplers 

99  John  Street,  NEW  YORK 

Independent  Sampling  Works 
New  York  and  Jereej  City 

Bepresentatives  at  all  refineries  and 
smelters  on  Atlantic  seaboard 


PARKER,  RICHARD  A. 


Consulting  Mining  Engineer 


404  Colorado  Building  DENVER 


RAYMOND,  ROSSITER  W. 

Mining  Engineer  and  Metallargiat 


29  West  Thirty-Ninth  Street 


NEW  YORK 


LOWE,  HENRY  P. 

Consulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 


Bedford  McNeill  Ck)de, "  Lows,  Denver." 


REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRIDGE,  COLORADO 

C4>le:  "Dredger" 

Code:  Bedford-MoNell 


MAYNARD,  GEO.  W. 

Mining  and  Metallurgical  Engineer, 

20  Nanau  Street. 

NEW  YORK,  N.  Y. 

Code:  Bedford -McNeill. 
Cable  Address  •  Metallurgy. 
Telephone:  1957  John. 


RICHARDS.  ROBERT  H. 

Or€  l>re9Hng 

MaBsachusetts  Institute  of  Technologj 

BOSTON,  MASS. 


MYERS,  DESAIX  B. 


Mining  Engineer 


321  Story  Bailding 


LOS  ANGELES 


RICKETTS  &  BANKS, 

104  John  St. ,  New  York, 

Mining,  Metallurgloal  and 

Chemioal  Engineers, 

Examination  of  Propertica.  Testing  of  Ores 
for  Best  Process  of  Treatment.  Consultation 
in  Mining,  Metallurgical  and  Milling  Practice. 


RIORDAN,  D.  M. 

ConauUing  JEngitneer, 

Mining  Investigations  especially^  carefnliy 
made  tor  responsible  intending  investors. 

City  Invettlng  BIdg.,  106  Broadway,  Ntw  Yark. 
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SMITH  &  LAIRD, 

(FRANKLIN  W.  SUITH\ 
GBOKGB  A,  LAIKO         / 

Consulting  Mining  Engineers, 

BiSBEE,  ARIZONA. 

Bedford  McNeill  Code 
Cable  Address  **  Dailsmirth  *' 


TREDWeiL.  WILBUR 


Mining  Engineer 


PHSNIX,  ARIZONA 


SPILSBURY,  E.  GYBBON, 

GonsQltlng,  ClTil,  Mining 
and  Metallnrgieal  Engineer, 


VAN  LAW,  CARLOS  W. 

Director 
Cla.  de  Real  del  Monte  y  Pachuca 


45  Broadway, 


NEW  YORK. 


Gable  Address :  *'  apUroe,**  New  YcrU. 


Pachuca,  Hidalgo 


MEXICO 


SYMMES,  WHITMAN 

Mining  Engineer 

Manager  Ward  Shaft  Association  ; 
Union  Shaft  Association 

VIRGINIA  CITY,  NEVADA 


YEATMAN,  POPE, 

Mining  Engineer, 


165  Broadway, 


NEW  YORK. 


Cable  Address  "/Aontu" 


The  Bulletin  of  the  American  Institute  of 
Mining  Engineers  is  an  exceptionally  effective 
medium  in  which  to  advertise  mining,  metallurgical 
and  chemical  equipments  and  supplies.  Write  for 
rates. 


For  the  Prevention  of  natural  earth  or 
galvanic  corrosion  "Pioneer"  Mineral 
Rubber  Pipe  Coating  has,  for  ten  years 
under  test,  succeeded  in  reducing  such 
action     to     an    infinitesimal    quantity.— 

£.  E,  Brownell^  B.  E,  E,,  Phila. 

"  Pioneer  "  products  have  been  used  with  success  since  1896. 
Specified  for  some  of  the  most  important  work  in  more  than  700 
American  and  foreign  cities,  and  endorsed  by  leading  enfdneers 
everywhere.  By  following  our  specificattons  the  best  results,  and 
yroiictixni  that  endures,  are  uniformly  obtained. 


Pipe  Coating 
Field  Paints 
Insulation 

Paints 

Ready  Roofing 
Etc.,  Etc. 


THE  AMERICAN  ASPHALTUM  ft  RUBBER  CO., 
600-6x4  Harvester  Building,  Chicago. 
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"Bell"  Grade 
Mine  Telephones 


The)'  are  made  by  the  oldest  and  lat^est  manii- 

ficturen  of  telephone  appsmtuB  in  the  world. 

The  skill  of  toe  ableai  engineers,  b  thorough  flrst- 

Tbe  No.  i3«fi  Type  Ucui  S<t      ^f^''  (knowledge  of  the  conditiona  to  be  met,  aad 

cioied  higheBl   quality  of  material  are  combined   in   the 

deaign  and  manufactuTe  of  these  telephones. 

-        .  .      -  jj^^  requirement* 
ind   ottacT  State* 


The  No,  1336  Type  Metal  Set 

The  Uf<  of  lelcphone?  in  mines 
represents  economic  bu'^in ess  methods. 
Good  mine  telephones  will  pay  for 
IhemseEvea  in  a  few  weeks  by  (he  time 
they   save   in   giving   and  receiving 

Some  featuTes  to  be  found  in 
Western  Electric  mine  sets  are  : 
Sparkle se  Ringers 
Powerful  Generator 
Loud,  Clear  Ringing  Gongs 
Strong  Metal  Case,  holding  all 

Moisture,     Rust      and     Fume 

Proof  parts 
Standard   "  Bell  "  Transmitt 


The  No.  I3}6  Type  Uetal  Set  with  Oule 

Write  our  ncirest  house  for  prices  ind  liescriptivc  Bulletin  No. 

WeBlern  Electric  Company  ['urnl.he.  Equipment  for  Every  Electrical  N 
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IndlsnapollB       "° 
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Minneapolis 

Montreal,  Toronlu        Winnipeg 
Johannesliurg 


COMPANY 


San  Fraartsco 
Loa  Angeles 
Seallle 
Salt  Uke  City 
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American  Institute  of 

Mining  Engineers. 
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SECTION  I.-IHSTITTJTE  AHHOinfCEMEnTS. 

This  section  contains  announcements  of  general  interest  to 
the  members  of  the  Institute,  but  not  always  of  suflBcient  per- 
manent value  to  warrant  republication  in  the  volumes  of  the 
Transactions. 


SECTION  II.-TECHHICAL  PAPEBS  AND  DISCUSSIONS. 

[The  American  Institute  of  Mining  Engineers  does  not 
assume  responsibility  for  any  statement  of  fact  or  opinion 
advanced  in  its  papers  or  discussions.] 

A  detailed  list  of  the  papers  contained  in  this  section  is  given 
in  the  Table  of  Contents.  They  have  been  so  printed  and 
arranged  (blank  pages  being  left  when  necessary)  that  they 
can  be  separately  removed  for  classified  filing,  or  other  inde- 
pendent use. 

A  small  stock  of  separate  pamphlets,  duplicating  the  tech- 
nical papers  given  in  Section  II.  of  this  Bulletin,  is  reserved  for 
those  who  desire  extra  copies  of  any  single  paper. 

Comments  or  criticisms  upon  all  papers  given  in  this  sec- 
tion, whether  private  corrections  of  typographical  or  other 
errors  or  communications  for  publication  as  "  Discussions,"  or 
independent  papers  on  the  same  or  a  related  subject,  are  ear- 
nestly invited. 

All  communications  concerning  the  contents  of  this  Bulletin 
should  be  addressed  to  Dr.  Joseph  Btruthers,  Assistant  Secre- 
tary and  Editor,  29  W.  39th  St.,  New  York,  N.  T.  (Telephone 
number  4600  Bryant). 


OFFICERS. 

For  the  year  ending  February,  191  z. 
COUNCIL.* 

PAESIDXirr  OF  THE  CoUNOIIi. 

D.  W.  BRUNTON DiomEB,  CoiiO. 

(Tenn  ezplret  Febraary,  1911.) 

Vice-Presidents  of  the  CouKciii. 

W.  C.  RALSTON Sak  Frakcisco,  Cai* 

W.  L.  SAUNDERS New  York,  N.  Y. 

H.  V.  WINCHELL « St.  Paul,  Mow. 

(Term  expires  February.  1911.) 

BENJAMIN  B.  LAWRENCE New  York,  N.  Y. 

JOSEPH  W.  RICHARDS South  Bethlehem,  Pa. 

ALBERT  SAUVEUR « Cambridge,  Mass. 

(Term  expires  Febrnary,  1912.) 

Councilors. 

ARTHUR  S.  DWIGHT New  York,  N.  Y. 

R.  V.  N0RRI8 Wilkbs-Barre,  Pa. 

WILLIAM  H.  SHOCKLEY Tonopah,  Nkv. 

(Term  expires  February,  1911.) 

KARL  EILERS JJew  York,  N.  Y. 

ALEX.  C.  HUMPHREYS Uew  York,  N.  Y. 

W.  G.  MILLER Toronto,  Canada. 

(Term  expires  February,  1912.) 

ROBERT  E.  JENNINGS New  York,  N.  Y. 

WILLIAM  KELLY Vulcan,  Mich. 

CHARLES  F.  RAND New  York,  N.  Y. 

(Term  expires  February,  1913.) 

Secretary  of  the  Council. 

R.  W.  RAYMOND,  29  W.  39th  St New  York,  N.  Y. 

(Term  expiree  February,  1911.) 

Assistant  Secretary  and  Editor. 
JOSEPH  STRUTHER8 New  York,  N.  Y. 

CORPORATION. 

JAMES  GAYLEY,  President ;  JAMES  DOUGLAS,  Vice-President ; 

R  W.  RAYMOND,  Secretary ;  FRANK  LYMAN,  Treasurer  ; 
JOSEPH  STRUTHERS,  AssisUnt  Secretary  and  Assistant  Treasurer. 

Directors. 

JAMES  DOUGLAS,  JAMES  F.  KEMP,  ALBERT  R.  LEDOUX. 

(Term  expires  February,  1911.) 

THEODORE  DWIGHT,  CHARLES  H.  SNOW,  R.  W.  RAYMOND. 

(Term  expires  February,  1912.) 

JAMES  GAYLEY,  CHARLES  KIRCHHOFF,  FRANK  LYMAN. 

(Term  expires  February,  1918.) 

Consulting  Attorneys,  Blair  &  Rudd,  New  York,  N.  Y. 

*  Secretary's  Note. — ^The  Council  is  the  professional  body,  haying  charge  of 
the  election  of  members,  the  holding  of  meetings  (except  business  meetings),  and 
the  publication  of  papers,  proceedings,  etc  The  Board  of  Directors  is  the  body 
legally  responsible  for  the  business  management  of  the  Corporation,  and  is  there- 
fore, for  convenience,  composed  of  members  residing  in  New  York. 
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INSTITUTE  ANNOUNCEMENTS. 
Canal  Zone  Meeting. 

The  Canal  Zone  meeting  of  the  Institute  will  be  held,  as 
announced,  in  November  next.  The  steamer  conveying  the 
Institute  party  is  scheduled  to  sail  from  New  York,  Oct.  28,  or 
29,  1910,  and,  returning,  to  arrive  at  New  York  about  Nov.  25. 
The  trip  is  to  include  stops  at  several  interesting  points  in  the 
West  Indies. 

The  number  of  members  and  guests  already  "  provisionally  " 
announced  exceeds  largely  the  number  that  can  be  accommo- 
dated on  the  steamship  or  on  the  Isthmus;  but,  since  some  of 
those  who  have  thus  indicated  their  "  probable  intention ''  may 
change  their  minds,  it  is  worth  while  for  any  member  who  may 
find  it  possible  to  take  part  in  this  excursion,  to  notify  Dr. 
Joseph  Struthers  at  this  office,  of  his  desire,  so  that  arrange- 
ments may  be  made,  if  possible,  for  his  accommodation. 


Meetings  of  Other  Societies. 

American  Institute  of  Electrical  Engineers. — The  Twenty-sev- 
enth Annual  Convention  of  the  American  Institute  of  Electrical 
Engineers  will  be  held  at  the  Waumbek,  Jeflferson  (White 
Mountains),  N.  H.,  Monday  to  Thursday,  June  27,  28,  29,  and 
80,  1910.  The  Institute  headquarters  during  the  convention 
will  be  at  the  Waumbek.  The  convention  sessions  will  be 
held  in  the  hotel.     The  following  papers  are  to  be  presented : 

President's  Address.     Lewis  B.  Still  well. 
Headligbt  Test.     By  C.  Francis  Harding  and  A.  N.  Topping. 
Ligbt  Standards.     By  Edward  B.  Rosa. 
Modem  Oil  Switch.     By  A.  R.  Cheyney. 

Disruptive  Strength  with  Transient  Voltages.     By  Charles  P.  Steinmetz  and  J. 
L.  R.  Hayden. 
The  Electric  Strength  of  Air.     By  John  B.  Whitehead. 
Vector  Power  in  Alternating-Current  Circuits.     By  Arthur  E.  Kennelly. 
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Determination  of  Transformer  Regulation  Under  Load  Conditions  and  Some 
Besulting  Investigations.     By  Adolph  Shane. 

American  Telegraph  Engineering.  Notes  in  History  and  Practice.  By  Wm« 
Maver  and  Donald  McNicol. 

Telephone  Engineering  A  round  the  Golden  Gate.     By  Arthur  K  Smith. 

Interaction  of  Fly- Wheels  and  Motors  When  Driving  Boll  Trains  by  Induction 
Motors.     By  F.  G.  Gasche. 

Recent  Progress  in  Exact  Electrical  Measurements.  By  Clayton  H.  Sharp  and 
W.  W.  Crawford. 

Electric  Locomotive  Design.     By  N.  W.  Storer  and  Eaton. 

A  Method  of  Determining  the  Adequacy  of  an  Electric  Railway  System.  By 
R.  W.  Harris. 

Third  Rail  Construction.     By  Jesse  H.  Davis. 

Power  Economy  in  Electric  Railway  Operation — Coasting  Clock  Tests  on  the 
Manhattan  Elevated  Railway.     By  H.  8.  Putnam. 

Wednesday  evening  at  6  o'clock  there  will  be  a  dinner  and 
discussion  by  the  Sections  Committee  and  Section  delegates. 

Thursday  evening  there  will  be  a  dinner  followed  by  a  dis- 
cussion under  the  auspices  of  the  Educational  Committee. 

The  entertainment  features  include  a  reception  and  dance  at 
the  Waumbek ;  an  excursion  to  Mount  Washington ;  golf  and 
tennis  tournaments,  and  other  outdoor  sports. 

The  American  Society  of  Mechanical  Engineers, — The  American 
Society  of  Mechanical  Engineers  will  hold  a  joint  meeting  with 
the  Institution  of  Mechanical  Engineers  in  England,  July  25-30, 
1910.  The  Committee  of  the  Society  in  charge  of  arrange- 
ments consists  of  Ambrose  Swasey,  Chairman;  Charles  Whiting 
Baker,  Vice- Chairman;  W.  F.  M.  Goss,  Geo.  M.  Brill,  John  R. 
Freeman,  and  George  Westinghouse,  Wm.  H.  Wiley,  F.  R. 
Hutton,  Willis  E.  Hall,  Calvin  W.  Rice,  ex  officio. 

The  program  consists  of  an  official  reception  upon  arrival  in 
Birmingham  on  Monday,  July  25;  a  reception  to  the  officers 
and  members  of  the  Society  and  to  the  council  and  members 
of  the  Institution  of  Mechanical  Engineers  by  the  Lord  Mayor 
of  Birmingham  and  Members  of  the  Local  Committee  on 
Tuesday,  July  26,  followed  by  luncheon  in  the  Town  Hall,  and 
visits  to  Stratford-on-Avon,  Worcester,  Gloucester,  or  Bourn- 
ville,  and  local  works  in  the  afternoon.  In  the  evening  there 
will  be  a  garden-fete.  On  Wednesday  morning  there  will  be 
reading  and  discussion  of  papers,  followed  by  luncheon  in  the 
Town  Hall,  with  visits  to  the  University  and  local  works  in  the 
afternoon  and  a  reception  in  the  Council  House  on  invitation 
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of  the  Lord  Mayor  in  the  evening.  The  morning  of  Thursday, 
July  28,  will  be  spent  in  visits  to  Coventry  and  Rugby,  War- 
wick, Leamington,  Kenilworth,  or  Lichfield.  On  the  after- 
noon of  the  same  day  the*  party  will  proceed  to  London,  where 
in  the  evening  a  conversazione  will  be  held  at  the  Institu- 
tion. On  Friday,  papers  will  be  presented  in  the  morning, 
garden-parties  will  be  held  at  private  houses  in  the  afternoon, 
and  in  the  evening  there  will  be  a  dinner  in  the  Connaught 
Rooms,  Freemason's  Hall,  given  by  the  Institution.  The  pro- 
gram will  conclude  on  Saturday  with  an  excursion  by  rail  and 
river  to  Windsor  and  Henley  and  a  reception  at  the  Garden 
Club  in  the  Japan-British  exhibition  at  the  White  City. 

Papers  will  be  contributed  by  the  Society  on  the  Electrifica- 
tion of  Railways  and  Roundhouse  Practice,  and  there  will  be  a 
topical  discussion  on  High-Speed  Tools. 

Society  far  the  Promotion  of  Engineering  Education. — The  annual 
meeting  of  the  Society  for  the  Promotion  of  Engineering  Edu- 
cation will  be  held  at  Madison,  Wis.,  on  Thursday,  Friday  and 
Saturday,  June  28,  24  and  25.  An  attractive  program  has  been 
arranged  for  the  meeting.  Among  the  most  important  items 
are  the  reports  of  the  Committees  on  Entrance  Requirements 
and  Engineering  Mathematics,  which  will  be  presented  for 
final  action.  Copies  of  the  reports  in  ftiU  will  be  distributed 
to  the  membership  some  weeks  in  advance  of  the  meeting. 
Technical  Education  Abroad,  Inspection  Trips  for  Technical 
Students,  Efficiency  in  Technical  Education,  and  other  topics 
will  be  presented  for  discussion.  Full  information  regarding 
the  meeting  and  the  general  work  of  the  Society  can  be  secured 
from  Prof.  H.  H.  Norris,  Cornell  University,  Ithaca,  N.  Y. 

Members  of  the  American  Institute  of  Mining  Engineers  are 
cordially  invited  td  attend  these  meetings. 


How  to  Use  the  "Transactions"  of  the  Institute. 

Buy  a  copy  of  the  Complete  Analytical  and  Alphabetical  Index  of 
Volumes  L  to  XXXV.^  inclusive. 

If  you  own  a  full  set  of  the  transactions,  this  Index  will  make 
the  whole  of  it  instantaneously  available  without  detailed  re- 
search into  each  volume  separately. 
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K  you  do  not  own  such  a  set,  this  Index  will  be  even  more 
valuable,  for  it  will  show  you  what  particular  papers  you  need 
to  know  more  about,  and  perhaps  to  study.  Thus,  any  person 
possessing  this  Index  can  ascertain  at  once  what  has  been  pub- 
lished in  the  Transactions  on  a  given  question,  and  can  learn,  by 
writing  to  the  Secretary,  what  is  its  nature,  whether  it  is  still 
to  be  had  in  pamphlet  form,  where  it  can  be  consulted  in  a 
public  library,  at  what  cost  it  can  be  copied  by  hand,  etc.,  etc. 

In  short,  to  those  who  own  complete  sets  of  the  Transae- 
tionSj  this  Index  will  be  a  great  convenience ;  but  to  those  who 
do  not,  it  will  be  a  professional  necessity. 

This  volume  is  an  octavo  of  706  pages,  containing  more  than 
60,000  entries,  duly  classified  with  sub-headings,  and  including 
abundant  cross-references.  It  has  not  been  stereotyped,  and 
the  edition  is  limited  to  1,600  copies.  The  price  of  the  volume, 
bound  in  cloth,  is  (5,  and  bound  in  half-morocco  to  match  the 
TransactionSy  J6.  The  delivery  charges  will  be  paid  by  the 
Institute  on  receipt  of  the  above  price. 


Hydrographic  Chart. 

Owing  to  the  great  value  to  hydrographers  of  the  chart  con- 
tained in  the  paper,  A  Graphic  Solution  of  Kutter's  Formula, 
by  L.  I.  Hewes  and  Joseph  W.  Roe  (Bulletin  No.  29,  May, 
1909,  p.  454),  a  special  edition  for  office  or  field  use  has  been 
printed  on  durable  cloth.  Copies  of  this  separate  chart  may 
be  obtained,  at  a  cost  of  50  cents  each,  on  application  to  the 
office  of  the  Secretary  of  the  Institute. 
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LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  op  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

The  libraries  of  the  above-named  Societies  are  open  from 
9  A.M.  to  9  p.m.  on  all  week-days,  except  holidays,  from  Septem- 
ber 1  to  June  80,  and  from  9  a.m.  to  6  p.m.  during  July  and 

August. 

RULES. 

For  the  protection  and  convenience  of  members,  the  follow- 
ing rules  have  been  adopted : 

The  Secretary  of  each  Society  will,  upon  application,  issue 
to  any  member  of  his  Society  in  good  standing  a  personal,  non- 
transferable card,  entitling  him  to  the  use  of  the  Libraries  in 
the  alcoves  of  the  Reading-Room.  This  card  must  be  signed 
by  the  person  receiving  it,  and  surrendered  at  the  desk  at 
the  time  of  its  presentation.  At  every  visit  he  must  identify 
himself  by  signing  his  name  in  the  registry. 

The  first  two  alcoves  are  free  to  all ;  and  admission  to  the 
inside  alcoves  is  given  only  upon  proper  introduction. 

The  above  rules  apply  to  all  persons  except  officers  of  the 
three  Societies,  personally  known  as  such  to  the  librarians. 

The  librarians  are  not  permitted  to  lend  to  any  person  any 
catalogued  pamphlet  or  volume,  unless  authorized  in  writing  so 
to  do  by  the  Secretary  or  Chairman  of  the  Library  Committee 
of  the  Society  to  which  the  pamphlet  or  volume  belongs. 

Any  person  discovering  a  mutilation  or  defect  in  any  book 
of  the  libraries  is  requested  to  report  it  to  the  librarian  on  duty. 


X  Monthly  Bulletin,  No.  42,  June,  1910. 

Library  Accessions. 

May  1  to  June  1,  1910. 

[Copies  of  the  list  of  additions  to  the  Libraries  of  the  American  Societj  of 
Mechanical  Engineers  and  the  American  Institute  of  Electrical  Engineers  can 
be  obtained  on  application  to  the  Secretary  of  the  American  Institute  of  Mining 
Engineers.] 

Amalgamated  Society  of  Enqineers.  Annual  Report,  59th.  London,  1910. 
(Gift. ) 

American  Institute  of  Architects.  Kelations  of  Railways  to  City  Develop- 
ment.    Paper  read  Dec.  16,  1909.     Washington,  1909.     (Exchange.) 

American  Museum  of  Natural  History.  Annual  Report  of  the  Trustees, 
41st,  1909.     New  York,  1910.     (Exchange.) 

Analysis  of  Aluminum  and  its  Commercial  Alloys.  Compiled  by  £. 
Blough.     Pittsburg,  1910.     (Gift  of  Aluminum  Company  of  America.) 

Analysis  of  Silicate  and  Carbonate  Rocks.  (Revision  of  Bulletin  305.) 
(Bulletin  No.  422,  U.  8.  Geological  Survey.)  By  W.  F.  Hillebrand.  Wash- 
ington, 1910.     (Exchange.) 

Bibliographie  der  Deutschen  Zeitschriften-Literatur.  Vol.  24-A. 
Leipzig,  1910.     (Purchase.) 

Boston  Public  Library.  Annual  Report  of  the  Trustees,  58th,  1909-1910. 
Boston,  1910.     (Exchange.) 

British  Guiana.  Lands  and  Mines  Department.  Report,  1908-1909. 
Georgetown,  1910.     (Gift  of  Commissioner  of  Lands  and  Mines.) 

Canada.  Mines  Department.  Annual  Report  of  the  Division  of  Mineral 
Resources  and  Statistics  on  the  Mineral  Production  of  Canada,  1907-1908. 
Ottawa,  1910.     (Exchange.) 

Catalogue  of  Nearctic  Spiders.  By  N.  Banks.  (Smithsonian  Institution. 
U.  S.  National  Museum.  Bulletin  No.  72.)  Washington,  1910.  (Ex- 
change. ) 

Complete  Mineral  Catalogue.  Ed.  12.  By  W.  M.  Foote.  Philadelphia, 
Foote  Mineral  Company,  1909.     (Gift  of  Author.) 

Contributions  to  Economic  Geology  (Advance  chapter  from),  1909.  Pt.  L  — 
Metals  and  Non-Metals,  except  Fuels.  (Bulletin  No.  430-B,  U.  S.  Geologi- 
cal Survey.)     Washington,  1910.     (Exchange.) 

Corrosion  and  Preservation  of  Iron  and  Steel.  By  A.  S.  Cushman  and 
H.  A.  Gardner.  New  York,  McGraw-Hill  Book  Co.,  1910.  Price,  |4.00  net. 
(Gift  of  H.  A.  Gardner.) 

[Secretary's  Note. — This  book,  prepared  by  Dr.  Cushman,  Chemist  of  the 
U.  S.  Department  of  Agriculture,  and  Mr.  Gardner,  Director  of  the  Scientific  Sec- 
tion of  the  Paint  Manufacturers  Association  of  the  U.  S.,  contains,  as  its  author- 
ship would  lead  us  to  expect,  a  summary  of  both  theoretical  and  practical  in- 
quiry. Though  frankly  supporting  the  electrolytic  hypothesis  of  corrosion,  it 
gives  a  fair  statement  of  other  hypotheses,  together  with  many  experimental  data 
and  discussions,  and  an  extensive  bibliography,  which  must  be  highly  valuable  to 
all  students  of  the  subject.  In  succesive  chapters,  it  treats  the  problem  of  corro- 
sion and  preservation  ;  the  theory  of  solution  ;  the  theories  of  corrosion  ;  the  ap- 
plication of  the  electrolytic  theory  ;  the  inhibition  and  stimulation  of  corrosion  ; 
tlie  technical  protection  of  iron  and  steel ;  the  relation  of  pigments  to  the  corro- 
sion of  iron  ;  recent  field-tests  on  protective  coatings  for  iron  and  steel ;  paints  for 
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varioas  purposes ;  the  testing  and  design  of  protective  paints ;  the  properties  of 
pigments ;  and  the  properties  of  paint- vehicles.  Appendix  A  presents  in  full  the 
important  discussion  on  the  corrosion  of  the  water-jackets  of  copper  blast-furnaces 
contained  in  the  Transactions  ot  this  Institute  (vol.  xzzviiL,  877  to  884  ;  zzziz., 
806  to  817).  The  book  is  appropriately  dedicated  **  to  the  memory  of  Charles  B. 
Dudley,  who,  during  a  life  of  splendid  service,  was  always  ready  to  encourage  in- 
vestigation, and  who  earnestly  believed  that  there  was  something  new  to  be 
learned  in  every  branch  of  knowledge."  lAdeed,  Dr.  Dudley's  contributions  to 
this  particular  branch  of  knowledge  were  by  no  means  insignificant. — K.  W.  R.] 

Cyanide  Handbook.  By  J.  £.  Clennell.  New  York,  McGraw-Hill  Book  Co., 
1910.     Price,  $5.00  net.     (Gift  of  Publishers.) 

[Secretary's  Note. — The  literature  of  the  cyanide  process  has  attained  in  the 
last  ten  years  a  large  volume ;  but  this  new  treatise  seems  likely  to  meet  a  special 
need,  by  its  full  treatment  of  certain  aspects  of  the  subject  and  its  comprehensive 
digest  of  much  information  otherwise  to  be  gained  only  by  search  through  mnny 
books.  Beginning  with  the  general  history  and  description  of  the  process,  it  treats 
in  successive  parts  the  chemical  reactions  involved  ;  the  preparatory  treatment  of 
ore  ;  the  action  of  the  solution  ;  the  subsequent  precipitation  and  smelting ;  special 
modifications  of  the  method  ;  assays ;  analyses  and  metallurgical  tests.  Under 
each  of  these  headings  abundant  details  are  given,  and  the  theory  is  clearly  set 
forth.  The  volume  has  about  580  pages,  is  beautifully  printed,  and  ends  with  an 
ezcellent  alphabetical  indez,  which,  together  with  its  full  table  of  contents,  will 
make  it  most  convenient  to  students  and  practitioners  alike.— B.  W.  R.] 

Deutsche  Chemische  Gesellsghaft.  Mitglieder-Verzeichnis,  1910.  N.  p., 
n.  d.     (Exchange.) 

GEOiiOOY  AND  Oil  Resources  of  the  Coaling  a  District,  California.  By 
Ralph  Arnold  and  Robert  Anderson.  (Bulletin  No.  398,  U.  S.  Geological 
Survey.)    Washington,  1910.     (Exchange.) 

OoLDFiELD  Consolidated  Mines  Company.  Annual  Report,  2d  and  3d.  Gold- 
field,  1908-1909.     (Gift  of  Company. ) 

Announcement,  Nov.  21,  1906.     Goldfield,  1906.     (Gift  of  Company.) 

Illinois.  Bureau  of  Labor  Statistics.  Biennial  Report,  15th,  1908.  Spring- 
field, 1910.     (Ezchange.) 

Illinois.  State  Geological  Survey.  Yearbook  for  1908.  (Bulletin  No. 
14.)    Urbana,  1909.     (Ezchange.) 

Jaarboek  van  het  Mijnwezen  in  Nederlandsch  Oost-Indib,  1908.  Ba- 
tavia,  1910.     (Ezchange.) 

Johns  Hopkins  University.  Register,  1909-1910.  Baltimore,  1910.  (Ez- 
change. ) 

Kaiserlichen  Statistischen  Amte.  Statistisches  Jahrbuch  fiir  das  Deutsche 
Reich,  1909.     Berlin,  1909.     (Purchase.) 

Michigan.  Labor  Department.  Annual  Report,  1st.  Lansing,  1910.  (Ez- 
change. ) 

Michigan  State  Salt  Inspector.  Annual  Report,  33-36,  39,  40,  41,  1901- 
1904,  1907,  1908,  1909.  Bay  City,  1901-1904,  1907,  1908,  1909.  (Gift  of 
State  Salt  Inspector. ) 

Mineral  Resources  of  the  Nabesna- White  River  District,  Alaska. 
(Bulletin  No.  417,  U.  S.  Geological  Survey.)  By  F.  H.  Moffit  and  Adolph 
Knopf.     Washington,  1910.     (Ezchange.) 
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Modern  Assaying.  By  J.  K.  Smith.  Edited  by  F.  W.  Braun.  Philadelphia, 
J.  B.  Lippinoott  Company,  1910.     (Gift  of  Publishera. ) 

[Secretary's  Note. — The  title  of  this  little  book  (145  pp.,  12mo. )  is  mislead- 
ing ;  but  the  Preface  disclaims  frankly  any  pretension  to  comprehensive  or  thorough 
character.  The  book  is  intended  to  serve  beginners,  and  one  of  its  services  will 
doubtless  be  to  lead  them  to  go  further,  under  the  guidance  of  larger  manuals.  It 
describes  with  exceeding  brevity  the  preparation  of  samples  ;  the  fire-assay  for 
gold  and  silver  ;  lead  and  antimony  ;  several  kinds  of  humid  and  volumetric  assay- 
ing ;  electrolytic  assaying  ;  distillation  and  retorting,  etc.  ;  and  gives  practical 
directions  for  the  handling  of  reagents  and  apparatus,  together  with  illustrations, 
chiefly  of  the  laboratory  appliances  manufactured  by  the  Braun  Corporation  at 
Los  Angeles.  There  is  also  a  somewhat  irrelevant  chapter  on  '^oxone"  and  its 
use  in  respirators,  furnished  by  the  manufacturers,  the  Roessler  &  Hasslacher 
Chemical  Co.,  of  New  York.— R.  W.  R.] 

Natal.  Report  on  the  Mines  and  Mineral  Resources  of  Natal  (other  than  Coal). 
By  F.  H.  Hatch.  Published  by  order  of  the  Natal  Government.  London^ 
R.  aay  &  Sons,  1910.     (Gift  of  F.  H.  Hatch.) 

New  York  State.  Advisory  Board  of  Consulting  Engineers.  Report  to  the 
Governor,  1909.  Albany,  1910.  (Gift  of  State  Engineer  and  Surveyor's 
Office.) 

New  York  State.  Water-Supply  Commission.  Annual  Report,  5th.  Albany, 
1910.  (Gift  of  N.  Y.  State  Water-Supply  Commission.)  PL  I— Municipal 
Water-Supply  ;  Pt.  2 — River  Improvement  and  Flood  Prevention  ;  Pt.  3 — 
Water  Storage  and  Power  Development 

North  Broken  Hill  Mining  Company.  Report  and  Statement  of  Accounts 
for  Half-Year  ended  June  30  and  Dec.  31,  1908,  and  June  30  and  Dec.  31, 
1909.     Broken  Hill,  1908-1909.     (Gift  of  Company.) 

Oklahoma.  Chief  Inspector  op  Mines.  Annual  Report,  Ist,  1907-1908. 
McAlester,  1908.     (Gift  of  Chief  Inspector  of  Mines.) 

Panama  Canal.     Isthmian  Canal  Commission,  1910.    N.  p.,  n.  d.    (Exchange.) 

Peter  Cooper.  By  Dr.  R.  W.  Raymond.  Boston-New  York,  Houghton,  Mifflin 
&  Co. ,  1901 ).     (Gift  of  Dr.  Raymond. ) 

Preliminary  Report  on  the  McKittrick-Sunset  Oil  Region,  Kern  and 
San  Luis  Obispo  Counties,  California.  (Bulletin  No.  406,  U.  S.  Geo- 
logical Survey.)  By  R.  Arnold  and  H.  R.  Johnson.  Washington,  1910. 
(Exchange.) 

Progress  of  the  Mineral  Industry  of  Tasmania,  for  the  Quarter  End- 
ing Dec.  31,  1909.     Tasmania,  1910.     (Gift.) 

Purchase  of  Coal  by  the  Government  under  Specifications,  with  Anal- 
yses OF  Coal  Delivered  for  the  Fiscal  Year  1908-1909.  (Bulletin  No. 
428,  U.  S.  Geological  Survey.)  By  G.  8.  Pope.  Washington,  1910.  (Ex- 
change. ) 

Royal  Institute  op  British  Architects.  Charter,  Supplemental  Charter, 
and  revised  By-Laws,  1910.     London,  1910.     (Exchange.) 

SociETA  ToscANA  Di  SciENZE  Naturali.  Atti.  Vol.  26.  Pisa,  1909.  (Ex- 
change. ) 

Surface  Water-Supply  ok  Colorado  River  Drainage  above  Yuma,  1906. 
(Water-Supply  Paper  No.  211,  U.  S.  Geological  Survey.)  Washington,  1908. 
(Exchange.) 
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Surface  Watbb-Supply  op  the  Ukited  States,  1907-1908.  Pt.  I. — North 
Atlantic  Coast.  (Water-Supply  Paper  No.  241,  U.S.  Geological  Survey.)  By 
H.  K.  Barrows  and  B.  H.  Bolster. 

Pt.  III.— Ohio  Kiver  Basin.  (Water-Supply  Paper  No.  243,  U.  S.  Geo- 
logical Survey. )    Washington,  1910.     (Exchange. ) 

User  die  Zusammensetzuko  deb  finnisghen  Eisenebze,  Kalksteine  Eissn- 
HUTTENPBODUKTE  UND  IHBER  Nebenpbodukte.  By  G.  A.  Aartovaara. 
Helsinki,  1910.     (Gift.) 

U.  S.  Coast  and  Geodetic  Subyet.  Supplementary  Investigation  in  1909  of 
the  Figure  of  the  Earth  and  Isostasy.  By  J.  F.  Hayford.  Washington,  1910. 
(Exchange.) 

United  States  Geological  Subvey  :  Its  Origin,  Development,  Obganiza- 
TiON,  AND  Operations.  (Bulletin  No.  227,  U.  S.  Geological  Survey.)  Wash- 
ington, 1904.     (Exchange.) 

Utah  Conservation  Commission.  Preliminary  Report,  1909.  Salt  Lake  City, 
1909.     (Gift  of  Utah  Conservation  Commission. ) 

Utah  State  Engineer.  Biennial  Beport,  4th-6th,  1903-1908.  Salt  Lake  City, 
1905,  1907,  1909.     (Gift  of  Utah  State  Engineer.) 

Special  Instructions  to  Watermasters  regarding  measurements  of  water,  to 

secure  a  just  distribution  of  the  same,  Dec,  1898.  (Gift  of  Utah  State  Engi- 
neer. ) 

Verbin  deutscher  EiSENHtJTTENLEUTE.  Mitglicderverzeichuis,  1910.  Diis- 
seldorf,  1910.     (Exchange.) 

Wallaroo  &  Moonta  Mining  &  Smelting  Company,  Ltd.  Reports  and 
Statements  of  Accounts.  20th  Annual  Report,  1909.  Adelaide,  1909.  (Gift 
of  Company.) 

Western  Blue  Book  and  Buyers'  Reference,  1908,  1909.  Chicago,  A. 
Winch,  1908-1909.     (Gift  of  Publisher.) 

Trade  Catalogues. 

American  GrOndall  Ejellin  Co.,  New  York,  N.  Y,  Concentration  and  bri- 
quetting  of  iron-ores.     22  pages. 

Denver  Fire  Clay  Co.,  Denver,  Colo.  Assayers'  and  Chemists'  supplies  and 
scientific  apparatus.     424  pages. 

Dillon  Box  Iron  Works  Co.,  Denver,  Colo.  Data  sheet  No.  49.  Contractor's 
electric  hoist.     2  pages. 

FooTE  Mineral  Co.,  Philadelphia,  Pa.  Prospectus  of  12th  revised  and  enlarged 
edition  of  the  Complete  Mineral  Catalog.     37  pages. 

General  Electric  Co.,  Schenectady,  N.  Y.  Price  list  applying  to  1909  elec- 
trical supply  catalogue.     148  pages. 

Holm  AN  Bros.,  Camborne,  Cornwall  (England).  Catalogue  of  ore-dressing  ma- 
chinery ;  concentrating  tables  ;  mill  for  wet  grinding,  etc.    30  pages. 

Ingersoll-Rand  Co.,  New  York,  N.  Y.  Booklet  on  the  diamondless  core  drill. 
19  pages. 

Jeffrey  Manufacturing  Co.,  Columbus,  O.  Booklet  No.  38.  Jeffrey  convey- 
ing machinery.     24  pages. 

Lehigh  Car,  Wheel  &  Axle  Works,  Catasauqua,  Pa.  "Fuller''  face-hard- 
ened sprocket  wheels,  traction  wheels,  chilled  conveyor  bearings,  and 
gudgeons.     20  pages. 

II.  Morin,  Paris,  France.    Precision  instruments  for  all  purposes.     96  pages. 

North  American  Asbestos  Co.,  Kansas  City,  Mo.  Prospectus  showing  finances 
and  standing  of  North  American  Asbestos  Co.     30  page3. 
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T.  H.  Proske,   Denver,  Colo.     ''Ajax*'   drill  sharpener  and  drill  sharpeDing* 

machinee.     16  pages. 
Stromberg-Carubon  Telephone  Mfo.  Co.,  Chicago,  111.     Bulletin  No.  1000. 

No.  890  type  mine  telephone.     6  pages. 
Strgmbero-Cablson  Telephone  Co.,  Rochester,  N.  Y.    How  to  build  a  rural 

telephone  line.     24  pages. 
Taylor  Instrument  Co.,  Rochester,  N.  Y.     Tycos — March  and  April,  1910, 

issues  ;  a  publication  in  the  interest  of  all  thermometer  and  instrument  users. 

24  pages. 

United  Engineering  Society  Library. 

A.  L.  A.     Portrait  Index,  1906.     Washington,  1906.     (Purchase.) 

Annalen  dsr  Hydrgoraphie  und  Maritimen  Metegrolggie.  Year  38- 
date.     Beriin,  1910-date.     (Purchase.) 

Iowa.  Board  of  Railroad  Cgmmis8IGNEB8.  Annual  Report,  27th-31st,  1904- 
1908.     Des  Moines,  1905-1909.     (Gift  of  Iowa  Railroad  Commissioners.) 

Journal  fitr  Gasbeleuchtung  :  General  Register  zum  Jahrgano,  32-46 
(1889-1903).     Munchen,  1905.     (Purchase.) 

Nebraska.  State  Railway  Commission.  Annual  Report,  1st  and  2d.  Lin- 
coln, 1908,  1909,     (Gift  of  Nebraska  State  Railway  Commission.) 

Nevada.  State  Controller.  Annual  Report,  1905-1909.  Carson  City,  1906- 
1910.     (Gift  of  Nevada  State  Controller.) 

New  Hampshire.  Railroad  Commission.  Annual  Report,  65th,  1909.  Man- 
chester, 1910.     (Gift  of  New  Hampshire  Railroad  Commissioners. ) 

Ohio.  Railroad  Commission.  Report,  Ist,  3d,  and  4th.  Springfield,  1906, 
1908,  1910.     (Gift  of  Ohio  Railroad  Commission.) 

Practical  Instructions  Relating  to  the  Construction  and  Use  of  the 
Steam  En'^ine  Indicator.  Boston,  Crosby  Steam  Gage  &  Valve  Company, 
1910.     (Gift  of  Alfred  B.  CarharU) 

Gift  of  American  Gas  Institute. 

American  Gas  Light  Journal.     Vols.  56-67.     New  York,  1892-1897. 

Association  of  Gas  Engineers  and  Managers,  United  Kingdom.  Reports 
of  Proceedings,  1887-1897.     London,  1888-1898. 

British  Association  of  Gas  Managers.  Report  of  Proceedings,  1876-1879. 
(Title  changed  to  Gas  Institute  in  1881.) 

CoNGRES  International  de  L' Industrie  de  Gaz.  Compte  rendu  des  Travaux 
Public  par  les  Soins  de  la  Soci^t^  Technique  de  L' Industrie  de  Gaz  en  France. 
15th-28th,  30th-d6th  Congresses.     Paris,  1888-1901,  1903-1909. 

Assembl^e  G^n^rale  Rapports  Annexes.     Paris,  1900. 

Deutscher  Verein  von  Gas  Und  WasserfachmXnnern.  Verhandlungen, 
1903-1907.     Munchen,  1903-1907. 

Gas  Institute.  Transactions,  1884-1885.  London,  1884-1885.  (Early  title  to 
1881,  British  Association  of  Gas  Managers.) 

Incorporated  Gas  Institute.  Transactions,  1896,  1897,  1899,  1900.  London, 
1896-1897,  1899-1900.  (Merged  in  1902  to  form  Institution  of  Gas  Engi- 
neers.) 

Incorporated  Institution  of  Gas  Engineers.  Transactions.  Vols.  1-6, 
8-12.  London,  1892-1903.  (Merged  with  Gas  Institute  in  1902  to  form  In- 
stitution of  Gas  Engineers. ) 

Institution  of  Gas  Engineers.  Transactions,  1903-1908.  London,  1903- 
1908. 
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Journal  of  Gas  Lighting,  Water  Supply,  and  Sanitary  Improvement. 
Vols.  23-50  ;  51  (except  Jan.  3,  May  8,  June  26,  and  index) ;  52  except  July 
17, 24,  31,  and  index)  ;  53-56  (except  indexes) ;  58  (except  index) ;  59  (except 
all  of  Jan.,  Feb.  2  and  16,  all  of  March,  April  12,  May  3  and  31,  and  index) ; 
60  (except  Oct.  11,  Nov.  1,  and  index) ;  61  (except  June  13,  20,  27,  and  in- 
dex) ;  64-79  ;  80  (except  Oct.  14) ;  81  (except  March  24)  ;  82 ;  83  (except 
Sept.  1) ;  84  (except  Oct.  27)  ;  85-87 ;  89  ;  90  (except  index) ;  91  (except 
July  11-Aug.  8,  Aug.  22,  Dec  12) ;  93  (except  Jan.  30,  Feb.  6) ;  94-95  ;  96 
(except  Nov.  6) ;  97-98  (except  indexes) ;  100,  No.  2326.  London,  1874- 
1907. 

Progressive  Age.     Vols.  9-14  (6  vols,  in  3).     New  York,  1891-1896. 
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MEMBERSHIP. 

New  Members. 

The  following   list  comprises   the  names  of  those  persona 

elected  as  members  who  accepted  election  during  the  month 

of  May,  1910 : 

Members. 

Gilmour  £.  Brown, Applegarth,  Ballock,  Scotland. 

Mel  C.  Butler, Fairfax,  Wash. 

Dean  S.  Calland, Pachuca,  Hidalgo,  Mez. 

R.  C.  Crawford, Pittsburg,  Pa. 

Justin  S.  De  Luiy,  • Moscow,  Idaho. 

James  S.  Douglas, Douglas,  Ariz. 

David  M.  Folsom, Stanford  University,  Cal. 

George  T.  Haldeman, Pittsburg,  Pa. 

Edmund  C.  Harder, Washington,  D.  C. 

Thomas  S.  Harrison, Wiley,  Wyo. 

Richard  Kleesattel, Seattle,  Wash. 

Frank  C.  Laurie, Mexico  City,  Mex. 

David  Lemmon, Pioche,  Nev. 

Grenville  Lewis, Pineville,  Ky. 

David  S.  Longacre, Dragon,  Utah. 

Harry  B.  Meller, Pittsburg,  Pa. 

Charles  G.  Osborne, South  Chicago,  III. 

Charles  £.  Phoenix, Bellingham,  Wash. 

Edward  W.  Ralph, Eimberly,  Nev. 

Francis  C.  Richard, Carlton,  Victoria,  Australia. 

Charles  H.  Smith, Baltimore,  Md. 

Stephen  Taber, University,  Va, 

U.  Tsukakoshi, Douglas,  Ariz.   , 

John  Tyssowski, Washington,  D.  C. 

Robert  B.  Woodworth, Pittsburg,  Pa. 

Arthur  Yates, Lebong  Soelit,  Sumatra,  Dutch  East  Indies. 

Associate. 

John  S.  Piper, Lawrenceville,  111. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  for  election  as 
members  of  the  Institute  during  the  month  of  May,  1910. 
Their  names  are  published  for  the  information  of  members 
and  associates,  from  whom  the  Committee  on  Membership 
earnestly  invites  confidential  communications,  favorable  or  un- 
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favorable,  concerning  these  candidates.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the 
residence  of  the  candidate)  will  be  allowed  for  the  reception 
of  such  communications,  before  any  action  upon  these  names 
by  the  Committee.  After  the  lapse  of  this  period,  the  Com- 
mittee will  recommend  action  by  the  Council,  which  has  the 

power  of  final  election. 

Liift  Member. 

Frank  Merton  Warren, Minneapolis,  Minn. 

Manbers. 

Bobert  L.  Bailie, Detroit,  Mich. 

Homer  Frick  Braddock, Mt  Pleasant,  Pa. 

Melvin  P.  Dalton, Poza,  Sonora,  Mexico. 

John  Daniell, Laurium,  Mich. 

Harold  P.  Davis, New  York,  N.  Y. 

Walter  Hooker, London,  England. 

Takeshi  Kawamura, Osaruzawa,  Akita,  Japan. 

Junjiro  Kobuse, Kosaka,  Akita-Ken,  Japan. 

Montrose  L.  Lee, Oxford  Furnace,  N.  J. 

Charles  A.  Mitke, Dawson,  N.  M. 

Howard  W.  Morgan, Milwaukee,  Wis. 

Albert  Francis  Plock, May  ville,  Wis. 

Associates. 

William  Edwards  Manning, Youngstown,  Ohio. 

Theodore  Sternfeld, New  York,  N.  Y. 

Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  re- 
ceived at  the  Secretary's  office  daring  the  month  of  May,  1910. 
This  list,  together  with  the  lists  published  in  Bulletin  Nos. 
38,  39,  40,  and  41,  therefore,  supplements  the  annual  list  of 
members  corrected  to  Jan.  1, 1910,  and  brings  it  up  to  the  date 
of  June  1,  1910.  The  names  of  members  who  have  accepted 
election  during  the  month  (new  members)  are  printed  in  italics. 

Abadie,  Emil  R P.  O.  Box  188,  Bakersfield,  Cal. 

Adams,  Arthur  K Spencer,  Mass. 

Atkinson,  Wallace  L 411  Howard  Ave.,  N.,  Seattle,  \Vafih. 

Baker,  David 1011  Chestnut  St.,  Philadelphia,  Pa. 

Barber,  George  M.,  Engr.,  Schloss  Bros.,  Colombian  Synd.,  Ltd., 

London,  England. 
Blair,  Allen  F.,  Care  Blair,  Wakeling  &  Bice,  Mutual  Life  Bldg., 

Seattle,  Wash. 
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Brill,  Paul  K.,  Cia.  Minera  la  Victoria  y  Tapada, 

Apartado  47,  Oazaca,  Oaz.,  Mexico. 

Bbitt,  Richard  H P.  O.  Box  55,  Rockland,  Me 

Broxly,  Alfred  H.,  Care  Taylor  &  Howat,  Apartado  232,  Mexico  City,  Mexico. 

^Brown^  Qilmour  E,y  Min.  Engr Applegarth,  Balloch,  Scotland.     '10. 

Bunker,  Charlss  £.,  Care  Mrs.  E.  J.  Culbert Amador  City,  Cal. 

BuRRALL,  Frederick  P.,  Care  U.  S.  &  Mexican  Tnist  Co.,  Singer  BIdg., 

New  York,  N.  Y. 
*Butlei'j  Mel  C,  Coal  Mine  Supt,  Care  Tacoma  Smelting  Co.,  Fairfax,  Wash.     MO. 

Caldwell,  Forest  B Woodland,  CaL 

*OaUandf  Dean  S.,  Asst.  to  Director,  Cia.  de  Real  del  Monte  y  Pachuca, 

Pachuca,  Hgo.,  Mexico.     '10. 

Carpenter,  Edwin  E Ill  No.  Franklin  St.,  Syracuse,  N.  Y. 

Catpless,  Willis  S.,  Guanajuato  R.  &  M.  Co.,  Apartado 55, Guanajuato,  Mexico. 

Chouteau,  Pierre 1000-3  National  Bank  Bldg.,  St.  Louis,  Mo. 

Clarke,  Roy  H *. 423  Rookery  Bldg.,  Spokane,  Wash. 

CoLLiNGS,  Burton  I.,  Southern  Rhodesia  Mining  Synd.,  Ltd., 

P.  O.  Box  80,  Salisbury,  Rhodesia,  So.  .\fric9. 

Cox,  William  J 304  Boston  Bldg.,  Denver,  Colo. 

Cropper,  Cecil  H The  Oaks,  Helsby,  Cheshire,  England. 

Craufurd,  Alexander  J.  F.,  Care  Statehood  Mines  Co Hillsboro,  N.  M. 

*  Crawford  J  R.  C,  Mine  Operator,  Prest. ,  Electric  Mfg.  &  Power  Co.  of  S.  C, 

^  Pittsburg,  Pa.     '10. 

CuMiNGS,  W.  L 316  North  High  St.,  Bethlehem,  Pa. 

Damon,  Georob  G Care  P.  E.  Damon,  Boone,  Iowa. 

Day,  Arthur  M General  Delivery,  Butte,  Mont. 

*De  Lumjf  Justin  S,j  Asst.  Prof,  of  GeoL,  Univ.  of  Idaho,  Moscow,  Idaho.     '10. 
Dennis,  W^illiam  B.,  Vice-Prest.  and  Mgr.,  Carlton  &  Coast  R.  R.  Co., 

Carlton,  Ore. 

Dick-Cleland,  a.  F Apartado  167,  Guadalajara,  Jal.,  Mexico. 

*Dougla8y  James  S.y  Miner Douglas,  Arii.     '10. 

Doveton,  Godfrey  D.,  Care  Spurr  &  Cox,  Inc.,  Chamber  of  Commerce  Bldg., 

El  Paso,  Texas. 

Filers,  Karl Sea  Cliff,  L.  I.,  N.  Y. 

Emanuel,  Louis  V Newfoundland,  N.J. 

Enoelhardt,  Ernest  C 2705  Gilpin  St,  Denver,  Colo. 

EwiNG,  Harry  E Maybeury,  W.  Va. 

Flinn,  Frederick  B P.  O.  Box  91,  Newark,  N.  J. 

*Fol9omj  David  3/.,  Min.  Engr Stanford  University,  Cal.     '10. 

Eraser,  Alexander  J.,  Care  La  Frontera  Mining  Co., 

Old  Glory,  via  Tucson,  .\riz. 
Glover,  George  H.,  Jr.,  Eastern  Sales  Agt.,  Ralston  Steel  Car  Co.. 

2  Rector  St.,  New  York,  N.  Y. 
*Haldemany  Oeorge  T.,  Instructor  in  Mining,  School  of  Mines, 

Univ.  of  Pittsburg,  Pittsburg,  Pa.     '10. 
Hall,  George,  Mines  et  Usines  de  Pontegrande, 

Pontegrande  di  Bannio,  Novara,  Italy. 

*  Harder,  Edmund  C,  Min.  Geo!.,  U.  S.  Geol.  Survey,  Washington,  D.  C.     '10. 

^Harrison,  Thomas  S.y  Min.  Engr Wiley,  Wyo.     '10. 

Hawkins,  John  T P.  O.  Box  563,  Colorado  Springs,  Colo. 

Heathcote,  Charles  F.,  Care  Institute  of  Mining  and  Metallurgy, 

Salisbury  House,  London,  E.  C,  England. 
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Hellmank,  Frederick,  Care  Leggett  &  Hellmann, 

25  Broad  St.,  New  York,  N.  Y. 

HoLLis,  B.  W Silverton,  Colo. 

HoLLiaTER,  John  J Gaviota,  Cal. 

Hooper,  George  H 134  West  End  Ave.,  Somerville,  N.  J. 

Jenks,  Arthur  W 2231  Cedar  St.,  Berkeley,  Cal. 

Jemket,  Walter  P 3  Grant  Place,  Washington,  D.  C. 

Johns,  J.  Harry,  Care  H.  Trembath, 

26  North  Parade,  Penzance,  Cornwall,  England. 

Jones,  Charles  H P.  O.  Box  163,  Broken  Hill,  N.  S.  W.,  Auatralia. 

Kamicama,  Tatsuzo 71  Wakamatsucho,  Ushigome,  Tokyo,  Japan. 

Kawai,  Yasushiro Nishimachi,  Fakayama,  Bingo,  Japan. 

^KkesaUelf  Richard,  Min.  Engr 710  Alaska  Bldg.,  Seattle,  Wash.     '10. 

Lanolet,  Seth  S 1617  Central  Ave.,  Alameda,  Cal. 

*LaurU,  Frank  C,  Oil  Geol.  &  Supt,  Care  S.  Pearson  &  Son,  Ltd.,  O.  F.  D., 

Apartado  113  Bis,  Mexico  City,  Mexico.     40. 

Lefevre,  Henrt  F 71  Broadway,  New  York,  N.  Y. 

Leggett,  Thomas  H  ,  Care  Leggett  &  Hellmann,  26  Broad  St.,  New  York,  N.  Y. 

*Lemm(m,  David,  Mining  Supt Pioche,  Nev.     '10. 

*L€unSf  Orenvillef  Supt.,  Straight  Creek  Coal  &  Coke  Co., 

Box  217,  Pineville,  Ky.     '10. 

Litchman,  Harold  B 10  High  St.,  Marblehead,  Mass. 

^Longacre,  David  S.,  Civ.  &  Min.  Engr Dragon,  Utah.     '10. 

MgCollom,  Charles  B 121  So.  Euclid  Ave.,  Pasadena,  Cal. 

McEwEN,  Atholl  F 709  Torrey  Bldg.,  Duluth,  Mfnn. 

Macdonald,  Arthur  C 54  New  Broad  St.,  London,  E.  C,  England. 

Macdonald,  Charles Room  103,  26  Exchange  PI.,  New  York,  N.  Y. 

Macfarlane,  Kienzi  W Apartado  102,  Parral,  Chih.,  Mexico. 

Matthiebsen,  F.  W 1227  Ninth  St.,  La  Salle,  111. 

*  Metier,  Harry  B,,  Instructor  in  Mining,  Univ.  of  Pittsburg,  Pittsburg,  Pa.     *10, 

Mentzel,  Charles 29  Broadway,  New  York,  N.  Y. 

Moore,  Robert  McI 348  Miller  St.,  North  Sydney,  N.  S.  W.,  Australia. 

Murphy,  Thomas  D 926  Webster  St.,  New  Orleans,  La. 

Musgrave,  Robert,  Care  The  Exploration  Co.  of  Eng.  &  Mex., 

523  Mutual  Life  Bldg.,  Mexico  City,  Mexico. 

Norton,  Edward  G Brinkley,  Ark. 

*0«6oro€,  Charles  O.,  Met. ,  Illinois  Steel  Co.,  South  Works,  So.  Chicago,  III.    MO. 

Palsgrove,  Harry  G Dolores  Mines  Co.,  Madera,  Chih.,  Mexico. 

Perkins,  Walter  G.,  Met.  Engr 62  London  Wall,  London,  E.  C,  England. 

Perks,  Harry  B 419  Board  of  Trade  Bldg.,  Portland,  Ore. 

*Phoenix,  Charles  E.,  Civ.  Engr.,  I^.  S.  Deputy  Mineral  Surveyor, 

AVhite  House  Hotel,  Bellingham,  Wash.  '  10. 
"f Piper,  John  S,,  Master  Mechanic,  Indian  Refining  Co....Lawrenceville,  111.  '10. 
PRINGLE,  Robert  W... Friars  House,  40  New  Broad  St.,  London,  E.  C,  England. 

PucKETTE,  Stephen  E Black  Mountain  Coal  Land  Co  ,  Bristol,  Tenn. 

Pyne,  Francis  R 1145  Mary  St.,  Elizabeth,  N.  J. 

*Balph,  Edward  W.,  Mine  Supt.,  Care  Boston-Ely  Min.  Co.,  Kimberley,  Nev.    '10. 

Reece,  Philip  P Cortez,  Nev. 

Reeves,  Thomas  V North  Star  Mines  Co.,  Grass  Valley,  Cal. 

Rhbw,  James  W West  Coast  Co.,  Culiacan,  Sinaloa,  Mexico. 

Rhodes,  William  B.,  Care  Cia.  Minera  Jesus  Maria  y  Anexas, 

San  Jos^  de  Gracia,  Sinaloa,  Mexico. 
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Rich,  Frank  A.,  Cons.  Engr.,  Rich  <&  Roche,  Phoenix  Chambers, 

Queen  St,  Auckland,  New  Zealand. 

*Riekardf  Francis  G,  Met o  Owen  St,  Carlton,  Victoria,  Australia.    '09. 

RiCKARD,  Brent  N 1646  William  St.,  Denver,  Cola 

Rogers,  Allen  H 201  Devonshire  St,  Boston,  Mass. 

Row  AND,  Lewis  G New  Jersey  Zinc  Co ,  56  Wall  St.,  New  York,  N.  Y. 

RuETSCHi,  Rudolf 67  Fort  Greene  PI,  Brooklyn,  N.  Y. 

Satre,  Mortimer  F.,  Instructor,  Columbia  Univ.  Surv.  School,  Morris,  Conn. 

ScHADER,  Herbert  G Kingman,  Ariz. 

Shaler,  Millard  K.,  Chief  Engr.,  Soc.  Forestidre  et  Minidre  du  Congo, 

Kinshasa,  Congo  Beige,  West  Africa. 

Shaw,  Howard  I Lakeside,  Cal. 

*Smith,  Charles  H.^  Min.  Engr.,  Asst.  to  Prest.,  Davis  "Coal  &  Coke  Co., 

Continental  Bldg.,  Baltimore,  Md.    '10. 

Stanton,  Robert  B 32  Nassau  St,  New  York,  N.  Y. 

Staples,  Chevalier  B Wycliffe,  B.  C,  Canada. 

^^TabtTy  Stephen^  Geol.,  Care  Virginia  Geological  Survey.... University,  Va.    '10. 
*I^nikakwkif  Umenoshin,  Chem.,  Copper  Queen  Cons.  Mining  Co., 

Douglas,  Ariz.     '10. 
*Tyssowskiy  John,  Min.  Engr.,  Editorial  Sta£P,  Engineering  and  Mining  JounuU, 

605  Pearl  St,  New  York,  N.  Y.    '10. 
Vanderlip,  Washington  B.,  Care  Barker  &  Conger, 

31  Nassau  St,  New  York,  N.  Y- 

Watters,  Daniel  M Seattle  Engr.  Co.,  Central  Bldg.,  Seattle,  Wash. 

Welsh,  Norval  J.  E R.  F.  D.  No.  8,  San  Antonio,  Texas. 

White,  Rush  J Wallace,  Idaho. 

WiLTSEE,  Ernest  A P.  O.  Box  247,  Bakersfield,  Cal. 

WoAKES,  Ernest  R 6  Queen  St  Place,  London,  E.  C,  England. 

Wolf,  Harry  J.,  Genl.  Mgr.,  Japan-Flora  Mines  &  Tunnel  Co.,  Telluride,  Colo. 

*Woodworth,  Robert  B.,  Civ.  Engr 427  Carnegie  Bldg.,  Pittsburg,  Pa.     '10. 

Worth,  John  G 27  WMlUam  St,  New  York,  N.  Y. 

*YateSy  Arthur^  Min.  &  Met.  Engr.,  Genl.  Mgr.,  Ketahoen  Gold  Mining  Co.,  Ltd., 

Lebong  Soelit,  Sumatra,  Dutch  East  Indies.     '10. 
Yates,  Edwin  F Bureau  of  Public  Works,  Manila,  P.  I. 

Addresses  of  Members  and  Associates  Wanted. 

Name.  *  Last  Addiese  on  Records,  ftom  which  Mail  has  been  Returned 

Alexander,  George  E., Sparta»  Ore. 

Badger,  Harry  S., Goldboro,  N.  S.,  Canada. 

Bailey,  Marc, Fort  Dearborn  Bldg.,  Chicago,  111. 

Bartoccini,  Astolfo, 214  E.  90th  St,  New  York,  N.  Y. 

Bassett,  Thomas  B., Cumpas,  Sonora,  Mexico. 

Batchelder,  Joseph  F., 54  1st  St ,  Portland,  Ore. 

Beck,  Edwin  L. , Jardine,  Mont. 

Bellam,  Henry  L., Reno,  Nev. 

Blow,  John  J., 172  Rodney  St,  Brooklyn,  N.  Y. 

Bouchelle,  James  F., 22  Duncan  Ave.,  Jersey  City,  N.  J. 

Brown,  Frank  H., Coppermount,  Alaska. 

Calero,  Jose, Pachuca,  Hgo.,  Mexico. 

Campa,  Jose, Mexico  City,  Mexico. 

Claudet,  H.  Hay  man, Rossland,  B.  C,  Canada. 
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Clemens,  Fred  Le  Roy, Reno,  Nev. 

Cragoe,  A.  Spencer, Vencedora,  Mexico. 

Daniel,  Mark, United  Elkhom  Mines,  Baker  City,  Ore. 

Denny,  George  A., Salisbury  House,  London,  £.  C,  England. 

Dickson,  George  H., Lethbridge,  Alberta,  Canada. 

Dougherty,  Clarence  E., 41  Wall  St,  New  York,  N.  Y. 

Downs,  M.  R 25  Broad  St,,  New  York,  N.  Y. 

Ekberg,  Benjamin  P., Johannesbui^,  Transvaal,  So.  Africa. 

Field,  Wilfrid  B., Mexico  City,  Mexico. 

Fitch,  Frank, Black  Mt.  Min.  Co.,  Magdalena,  Mexico. 

Foster,  Lewis  E., Utah  Copper  Co.,  Garfield,  Utah. 

Gaines,  Ambrose  P., Dayton  Coal  &  Iron  Co.,  Dayton,  Tenn. 

Geppert,  Richard  M., Ray,  Ariz. 

Greenley,  Louis  A., Prairie  City,  Ore. 

Hunt,  Thatcher  R., Iron  Mt,  via  Keswick,  Cal. 

Jewett,  Eliot  C, 2918  Morgan  St,  St  Louis,  Mo. 

Row,  Tong  Sing, Shanghai,  China. 

Leslie,  Roscoe  R., Goldfield,  Nev. 

McCan,  E.  K., Braden  Copper  Co.,  Graneros,  Chile,  S.  A. 

McGregor,  J.  Murray, 3  Minanciho,  Ushigome,  Tokyo,  Japan. 

Mildon,  Reginald  B., Nacozari,  Son.,  Mexico. 

Moalton,  Herbert  G., Cobalt,  Ont,  Canada. 

Muir,  Thomas  K., Portland,  Ore. 

Piper,  John  W.  H., Buenos  Ayres,  Argentine  Rep.,  S.  A. 

Potter,  J.  A., 41  W.  124th  St,  New  York,  N.  Y. 

Reece,  Frederick  B., Mogollon,  N.  M. 

Ripley,  G.  Clinton, Craft,  Cal. 

Robertson,  Philip  W.  K.,    .    .    .    .  Real  del  Monte,  Hidalgo,  Mexico. 

Bandifer,  Harmer  C, El  Oro,  Mexico. 

Sanford,  Chard  O., Goldroad,  Ariz. 

Scott,  Winfield  G., Long  Beach,  Cal. 

Skelding,  Joseph  F., Embreeville,  Tenn. 

Thomas,  Richard  A 43  Wall  St,  New  York,  N.  Y. 

Weddle,  Joseph  H., San  Juancito,  Honduras,  C.  A. 

Wi]aon,  Odell, Shingle,  Cal. 

Wolfe,  Burton  L., Ely,  Nev. 

Young,  William, Kenora,  Ont,  Canada. 

Necrology. 

The  deaths  of  the  following  members  have  been  reported  to 
the  Secretary's  office  during  the  month  of  May,  1910  : 

Date  of 
Election.  Name.  Date  of  Decease. 

1871.     ♦William  P.  Blake, May  22,  1910. 

1891.     *Charl€8  H.  Ferry, May  2,  1910. 

*  Member. 


C/uuj./4.'^. 


'^.^^ 
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Biographical  Notice  of  Charles  B.  Dudley,  Ph.D. 

BY  R.  W.  RATMOND,  NEW  YORK,  N.  T. 

(Pittsburg  Meeting,  March,  1910.) 

In  the  long  list  of  our  illustrious  and  lamented  dead,  there  are 
names  which  recall  personality  as  well  as  career  and  achieve- 
ment ;  social  as  well  as  scientific  merit ;  devotion  to  the  Insti- 
tute itself  as  well  as  to  some  one  of  the  professions  which  it  rep- 
resents. These  men  we  remember  because  they  did  not  forget 
us ;  besides  our  pride  in  their  wider  work  and  fame,  we  are 
proud  of  what  they  did  with  and  through  us ;  especially  do  we 
rejoice  if  our  early  recognition  of  them  opened  the  way  to  a 
recognition  by  the  world ;  and  in  their  departure  we  claim  to 
sorrow,  not  merely  as  members  of  an  appreciative  public,  but 
also  as  bereaved  personal  friends.  In  common  with  thousands, 
we  regret  our  loss,  but  we  do  not  regret  only — we  mourn  and 
miss.  To  this  group  of  those  whose  death  has  brought  to  us 
the  double  sense  of  public  and  private  grief  belonged  our 
strong,  bright,  dear  brother,  in  whose  memory  this  inadequate 
^  tribute  is  offered. 

Charles  Benjamin  Dudley  was  born  July  14, 1842,  at  Oxford, 
Chenango  county,  N.  T.  He  came  on  both  sides  of  New  Eng- 
land blood,  his  father  being  from  New  Hampshire  and  his 
mother  from  Connecticut.  Emigrating  from  the  rocky  hills 
of  their  native  States,  they  settled  upon  the  more  fertile  soil  of 
what  was  then  regarded  as  the  West,  and,  with  thousands  of 
other  pilgrim  sons,  imitating  the  pilgrim  fathers,  contributed 
to  the  foundation  of  new  commonwealths.  The  Empire  State 
owes  much  to  this  element  of  its  population. 

Dudley's  early  education  was  obtained,  like  that  of  the  sons 
of  the  pioneers  generally,  by  attending  the  village  school  and 
academy  in  the  autumn  and  winter,  while  he  worked  upon  the 
farm  during  the  rest  of  the  year.  But  his  ambition  looked  for- 
ward to  a  college-course ;  and  this  was  almost  within  his  reach 
when  a  passion  still  stronger  took  possession  of  him.   The  out- 
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break  of  the  War  of  the  Rebellion  appealed  to  his  patriotic 
enthusiasm ;  and,  in  1862,  at  the  age  of  20,  he  enlisted  as  a  pri- 
vate in  the  114th  New  York  Volunteers.  During  the  follow- 
ing three  years  he  took  part  in  seven  battles,  gaining  his  expe- 
rience of  the  routine  as  well  as  the  adventure  of  war  in  all 
parts  of  the  country,  but  mainly  in  the  Southwest,  and  under 
circumstances  of  discomfort  and  discouragement  most  trying 
to  the  patience  and  courage  of  our  soldiers.  He  was  at  the 
siege  of  Port  Hudson  in  1863,  and  went  through  the  disastrous 
Red  River  campaign  of  the  spring  of  1864.  But,  after  that 
campaign,  he  was  transferred  to  Virginia,  where,  on  Sept.  19, 
1864,  at  the  battle  of  Opequon  Creek,  fought  near  Winchester, 
and  not  long  before  the  more  famous  battle  to  which  Winches- 
ter gave  its  name,  he  received  a  severe  bullet-wound,  which 
rendered  him  incapable  of  further  active  duty.  It  left  him, 
indeed,  partially  crippled  for  life,  with  a  bullet  in  his  leg  as  a 
perpetual  reminder  of  the  source  of  his  disability. 

But  Dudley  was  one  of  those  citizen  soldiers  who  went  into 
the  War,  not  because  they  loved  war,  or  expected  to  make  it  a 
life-vocation.  They  undertook  military  service  as  a  patriotic 
task,  yet  even  when,  in  the  performance  of  it,  they  became 
veteran  soldiers,  they  did  not  become  professional  soldiers. 
Their  hearts  were  in  their  homes ;  and  their  plans  for  the  vic- 
tories of  peace  were  only  temporarily  postponed,  not  super- 
seded, by  the  experiences  of  the  camp.  This  is  the  explana- 
tion of  the  phenomenon,  so  often  named  with  wonder,  of  the 
swift  re-absorption  of  the  Grand  Army,  at  the  close  of  the 
War,  into  the  ranks  of  the  people  from  which  it  had  sprung. 
The  soldiers  went  home,  where  they  had  always  longed  to  be, 
and  resumed  the  work  which  they  had  laid  aside  at  the  call  of 
a  higher  duty.  At  least,  this  is  true  of  Dudley,  and,  as  I 
believe,  of  many  like  him.  As  an  illustration  of  his  attitude 
towards  the  work  of  a  private  soldier,  which  he  performed  with 
as  much  fidelity  and  gallantry  as  if  it  had  been  his  life-work,  I 
may  recall  that,  in  1868-4,  when  the  Union  forces  in  Louisiana 
went  into  winter-quarters,  he  had  his  Latin  grammar  and 
reader  sent  to  him  from  home,  and  spent  in  the  study  of  Latin 
the  spare  hours  of  that  period.  Unfortunately,  through  a  cap- 
ture of  the  stored  camp-baggage,  after  active  operations  had 
been  renewed,  these  books  became  the  property  of  the  enemy ; 
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but  the  enemy  had  little  opportunity,  after  that,  to  make  use  of 
the  classics,  and  Dudley,  meanwhile,  had  put  the  contents  of 
the  books  where  they  could  not  be  captured,  unless  he  were 
captured  with  them. 

Upon  his  discharge  in  1865,  he  returned  at. once  to  his  rural 
home,  and  took  up  his  life  again,  just  where  he  had  laid  it 
aside.  I  had  almost  written,  "laid  it  doiow" — ^and  if  I  had 
done  so,  I  could  have  defied  the  critic  and  the  proof-reader,  for 
he  had  as  truly  laid  it  down  as  if  the  sacrifice  had  been  accepted 
and  ratified  by  death.  That  the  life  thus  freely  ofiered  was  re- 
turned to  him,  did  not  impair  the  completeness  of  the  sacrifice. 
His  escape  from  the  death  he  had  dared  was  only  a  Voice  which 
said,  "  I  have  further  use  for  thee !  "  So,  at  least,  I  understand 
it;  and  so,  at  least,  did  he!  And  I  must  add  here,  as  a  part 
of  my  picture  of  the  man,  that  he  never  "  traveled  "  on  his 
military  record.  He  did  not  run  for  office  on  the  strength  of 
his  army  service,  or  urge  it  as  a  claim  to  civil  distinction  or 
preference.  I  think  he  regarded  it  as  an  episode,  such  as  every 
good  citizen  should  meet  like  a  man — without  bragging  about 
it  afterwards.  I  think  he  would  as  soon  have  paraded  his 
honesty  as  his  patriotism.  Such  things,  in  his  view,  "  go  with- 
out saying." 

So  the  crippled  veteran  of  28  went  back  to  the  Oxford  Acad- 
emy to  prepare  for  college,  with  nothing  to  show  in  that  line 
for  the  three  years  he  had  lost  except  what  he  had  managed, 
in  camp,  to  get  out  of  his  Latin  grammar  and  reader,  and, 
possibly,  also  a  certain  amount  of  fidelity,  patience,  and  indomi- 
table perseverance  and  courage,  which  had  been  both  revealed 
and  trained  in  the  service  of  his  country.  And  in  1867,  as  a 
man  of  25  years,  he  modestly  entered  the  Freshman  class  at 
Yale,  along  with  a  host  of  youngsters,  who  had  not  wasted  any 
time  in  soldiering.  Moreover,  he  did  not  cut  short  his  college 
course  on  the  ground  that  so  much  time  had  been  lost,  but 
went  through  the  whole  of  it,  shirking  nothing,  just  as  if  it  had 
been  simply  another  campaign,  and  finally,  in  1871,  took  his 
degree  as  A.B.  with  his  class. 

I  make  no  apology  for  dwelling  at  such  length  upon  these 
mere  preliminaries  of  Dr.  Dudley's  career.  For,  to  my  mind, 
the  secret  of  the  man's  character,  and  of  his  consequent  suc- 
cess, is  indicated  in  these  very  things. 
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I  have  known  wise  parents  many,  who,  being  able  to  give 
their  sons  all  the  advantages  of  a  thorough  education,  have  put 
them  through  a  complete  collegiate  course  as  a  preliminary  to 
a  professional  course,  before  launching  them  into  active  and 
independent  life.  Happy  the  father,  whose  son  is  willing  to 
wait  so  long,  and  is  not  spoiled  meanwhile  by  scholastic  life  for 
the  life  of  work  among  men  which  is  to  follow !  And  happy 
the  son,  who  understands  the  value  of  such  a  preparation,  and 
whose  father  is  able  and  willing  to  pay  the  bills !  (According 
to  my  observation,  the  wise  fathers  are  more  numerous  than  the 
wise  sons !) 

But  I  do  not  recall  a  single  instance,  except  that  of  Charles 
B.  Dudley,  in  which  a  youth  has  framed  for  himself  a  plan  of 
thorough  education  of  that  sort,  has  "  lost"  three  precious  years 
in  obedience  to  a  higher  duty,  and  has  then  returned  to  the 
prosecution  of  his  original  plan,  without  counting  at  all  the 
time  thus  "  lost." 

To  complete  the  picture  of  this  extraordinary  case,  I  should 
say  that,  when  Mr.  Dudley  was  graduated  at  Yale  in  1871,  he 
had  no  money  to  pay  for  the  further  schooling  which  he  desired, 
and  was,  besides,  in  debt  for  money  which  he  had  been  obliged 
to  borrow  to  enable  him  to  finish  his  college-course,  although 
the  amount  thus  owed  was  relatively  small,  because  he  had  paid 
a  large  part  of  his  expenses  by  outside  work  of  all  kinds.  Under 
these  circumstances,  he  did  not  look  about  for  some  patron  who 
would  lend  more  money  in  aid  of  a  promising  student,  but  set 
himself  at  once  to  earn  what  was  required,  both  to  repay  his 
debt,  and  to  furnish  him  for  future  progress.  In  other  words, 
having  already  given  three  years  to  his  country,  he  now  gave 
another  year  to  his  personal  honor.  This  year  he  spent  in 
work  as  night-editor  of  the  New  Haven  Palladium  and  the  Yale 
Couranty  successively,  and  in  other  employments,  which  en- 
abled him  to  achieve  at  last  his  cherished  ambition,  and  enter 
the  Sheffield  Scientific  School  of  Yale  University,  from  which 
he  was  graduated  in  1874  as  Ph.D.  He  had  devoted  himself, 
during  his  two  years'  course,  to  study  and  practice  in  chemistry ; 
and  his  graduating  thesis,  afterwards  published  in  full  abstract 
in  the  Proceedings  of  the  American  Association  for  the  Advance- 
ment of  Science^  was  on  "  Lithium,  and  a  Glass  Made  with 
Lithium." 
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At  this  point,  I  would  pause  again  to  call  attention  to  the 
exceptional  character  of  this  example.  Here  is  a  man  who  has 
become  32  years  old  before  entering  upon  his  professional  work. 
The  delay  has  been  due  to  intervals  of  three  years  and  one  year, 
sacrificed  by  the  man  himself,  at  the  call  of  what  he  deemed 
higher  duty — the  first  to  patriotism,  the  second  to  personal 
honor.  But  the  original  plan  of  the  youth  has  been  carried 
out,  irrespective  of  these  interruptions,  without  one  iota  of 
abridgement  or  change ;  and  the  man  stands  at  32  where  he 
might  have  stood  at  28,  or  even  (if  he  had  decided  to  skip  his 
classical  college-course,  and  plunge  at  once  into  his  technical 
course)  at  24. 

Yet,  does  he  really  stand  only  where  he  would  have  stood 
four  or  eight  years  earlier,  if  no  time  had  been  "  lost "  ?  Is  it 
nothing  that  a  man,  having  been  a  soldier,  knows  how  to  be  a 
comrade — ^to  meet  and  understand  and  win  to  hearty  co-opera- 
tion other  men  ?  Is  it  nothing  that,  having  gained  through  a 
classical  education  the  ability  to  comprehend  the  lessons  of  his- 
tory and  the  inherited  associations  which  actuate,  even  uncon- 
sciously, the  m^n  of  to-day,  he  is  able  to  communicate  convinc- 
ingly to  others  what  he  knows  himself?  Is  it  nothing  that  he 
has  shown  himself  to  be  a  lover  of  his  vocation,  yet  capable  of 
sacrificing  even  his  vocation  to  duty  and  honor?  Finally,  is 
his  certified  professional  ability  less  likely  to  win  professional 
employment  and  success,  when  backed  by  that  other  certificate, 
furnished  by  a  wide  experience  with  men  and  their  enterprises  ? 
These  and  other  like  questions  are  answered  by  the  subsequent 
career  of  Dr.  Dudley,  which  illustrates  the  deep  utterance  of 
Browning:  '*-Get  thy  tools  ready;  God  will  find  thee  work." 

The  first  year  after  his  graduation  from  the  ShefBeld  School 
he  spent  as  Assistant  to  Dr.  George  F.  Barker,  Professor  of 
Physics  at  the  University  of  Pennsylvania;  and  his  success  in 
this  position  led  to  a  call,  which  he  accepted  in  September, 
1875,  to  the  position  of  teacher  of  science  in  the  Riverside 
Military  Academy,  of  Poughkeepsie,  N.  Y.  But  before  enter- 
ing upon  the  duties  of  this  position,  he  resigned  it  to  accept  the 
place  thenceforth  the  center  of  his  activity  and  influence — 
namely,  that  of  Chief  Chemist  of  the  Pennsylvania  Railroad 
Co.,  which  he  assumed  Nov.  10,  1875,  and  held  until  his 
death. 
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During  his  service  as  Professor  Barker's  assistant,  he  had 
given,  SO  far  as  I  am  aware,  no  evidence  of  his  general  interest 
in  the  progress  of  applied  science,  except  the  publication  in  the 
Franklin  Institute  Journal  of  some  translations  of  German  tech- 
nical papers ;  and  what  directed  to  him  the  attention  of  the 
officials  of  the  Pennsylvania  Railroad  Co.,  I  do  not  know. 
Very  likely  some  one  of  the  keen,  wise  managers  of  that  com- 
pany had  met  and  measured  the  man  himself.  At  all  events, 
this  is  certain  :  they  made  a  fortunate  choice  when  they  chose 
him. 

At  that  time  the  employment  of  chemists,  or  other  profes- 
sional experts,  by  great  corporations  was,  though  not  altogether 
unknown  as  a  temporary  expedient,  scarcely  recognized  as  a 
part  of  the  regular  organization  of  such  enterprises.  Whatever 
partial  precedents  may  be  adduced,  it  cannot  fairly  be  denied 
that  the  appointment  of  Dr.  Dudley  by  the  Pennsylvania 
Railroad  Co.,  coupled,  as  it  was,  with  the  provision  of  ample 
laboratory-facilities  for  him,  and,  above  all,  with  a  sincere 
recognition  of  the  value  of  his  advice  and  an  uncompromising 
execution  of  his  recommendations  in  the  execution  of  business 
contracts,  was  an  epoch-making  event.  And  the  choice  of  the 
right  man  for  the  place  was  fortunate,  not  only  for  the  Com- 
pany and  for  him,  but  also  for  many  other  companies,  whose 
course  was  influenced  by  the  result  of  this  experiment,  and 
for  many  other  experts  who  were  afterwards,  in  consequence 
of  this  successful  example,  similarly  employed  as  the  perma- 
nent scientific  advisers  of  great  corporations. 

When  the  Pennsylvania  Railroad  Co.  created  the  experi- 
mental and  advisory  department  at  the  head  of  which  Dr. 
Dudley  was  placed,  it  was  purchasing  enormous  quantities  of 
materials,  ranging  from  iron  and  steel  to  oil,  paint  and  soap, 
but  it  had  no  scientific  and  systematic  means  of  testing  these 
materials  before  using  them,  or  of  framing  specifications  in 
advance  for  the  guidance  of  manufacturers.  Indeed,  the  main- 
tenance of  a  separate  department  for  criticism,  investigation, 
and  suggestion,  in  connection  with  any  large  enterprise,  was 
practically  new.  The  leading  railroad  companies  had  set  the 
example  by  their  thorough  auditing  departments;  and  the 
establishment  of  such  a  department,  of  even  wider  scope,  by 
Carnegie,  Phipps  &  Co.,  had  proved  that  a  great  manufactar- 
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ing  concern  could  profitably  employ,  in  merely  critical  and 
advisory  work,  an  expensive  crop  of  "  non-productive  "  skilled 
laborers,  keeping  accounts  not  merely  with  individuals  but 
with  furnaces,  processes,  and  raw  materials.  But  the  Penn- 
sylvania Railroad  Co.  was  itself  a  manufacturer,  as  well  as  a 
consumer;  and  Theodore  KT.  Ely,  the  Superintendent  of  its 
motive  power,  conceived  the  plan  of  an  auxiliary  department 
of  tests  and  experiments,  including  a  chemical  laboratory. 
Dr.  Dudley's  work  as  the  Chief  Chemist  and  head  of  that  de- 
partment occupied  the  remaining  thirty-five  years  of  his  life, 
and  made  him  useful  and  famous  throughout  the  world.  He 
discovered  and  perfected  tests,  or  prepared  specifications,  for 
all  important  materials  used  by  the  company,  such  as  coal, 
water,  lubricating-oil,  paint,  steel,  iron,  etc.  It  is  reported 
that  there  are  now  between  forty  and  fifty  sets  of  specifica- 
tions, physical  or  chemical  or  both,  for  the  chemical  provisions 
of  which  Dr.  Dudley  was  directly  responsible,  while  his  advice 
largely  influenced  the  physical  provisions.  The  chemical  labo- 
ratory employs  twenty-seven  persons,  of  whom  twenty-three  are 
regularly  educated  chemists,  one  being  also  a  trained  bacteri- 
ologist, who  is  occupied  in  the  examination  of  water-supplies, 
disinfectants  and  their  use,  and  tests  for  medical  diagnosis  re- 
quired in  the  administration  of  the  Company's  Relief  Fund. 
The  number  of  tests  and  chemical  determinations  made  in 
connection  with  materials  offered  for  acceptance  amounts  to 
about  60,000  per  annum.  The  story  of  the  ventilation  of 
passenger-cars,  investigated  in  this  laboratory,  and  resulting  in 
the  development  of  a  satisfactory  system,  furnishes  one  of  the 
many  instances  in  which  the  benefits  of  this  institution  have 
extended  far  beyond  the  business  of  the  corporation  which  it 
primarily  serves.  Another  instance  is  the  exhaustive  study  of 
explosives,  which  bore  fruit  in  the  formulation  of  rules  govern- 
ing the  transportation  of  these  and  other  hazardous  materials. 
In  the  course  of  his  experiments  and  investigations.  Dr. 
Dudley  made  many  inventions  and  discoveries,  for  the  great 
majority  of  which  he  never  took  out  patents,  **  having,"  as  he 
used  to  say,  "  no  time  for  that."  One  of  them,  the  design  of 
the  wick  and  burner  for  a  railroad-lantern,  is  now  in  use  every- 
where. In  another  class  of  his  discoveries — namely,  the  per- 
fection of  rapid  and  accurate  commercial  tests  and  analyses — 
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belongs  the  origination  of  a  method  for  the  detection  of  the 
presence  of  cotton-seed  oil  as  an  injurious  adulterant  of  liquid 
lubricants. 

In  the  conduct  of  his  great  work,  Dr.  Dudley  pursued  the 
policy  of  a  frank  contribution  and  exchange  of  the  knowledge 
obtained.  I  do  not  mean  to  say  that  he  kept  nothing  secret, 
in  the  business  interests  of  his  employers,  or  in  fairness  to 
others.  But,  instead  of  adopting  the  easy  course  of  saying 
nothing,  if  he  could  not  tell  everything,  he  obeyed  a  wise,  as 
well  as  generous,  impulse  to  make  known  as  much  as  he  could. 
The  result  was  not  only  most  creditable  to  him,  but  most  help- 
ful to  his  special  work.  No  better  example  can  be  given  than 
that  of  his  activity  as  a  member  of  this  Institute,  which  he 
joined  in  1878,  perceiving  the  possibilities  of  world-wide  pro- 
fessional co-operation  through  such  a  medium. 

He  lost  no  time  in  proving  his  desire  for  such  fraternal  ex- 
change ;  for  he  was  not  one  of  those  who  hoped  to  get  without 
giving — ^like  a  man  who  wrote  me,  not  long  ago,  that,  after 
having  been  a  member  for  a  number  of  years  (during  which 
he  had  made  no  contributions  to  the  TransactioTis)^  and  having 
found  nothing  in  our  publications  bearing  upon  his  specialty, 
he  thought  he  might  as  well  resign !  To  say  nothing  of  the 
selfishness  of  such  a  view,  it  is  clearly  short-sighted.  He  who 
would  hear  something  ought  to  say  something.  Mere  air  may 
rush  to  fill  a  vacuum ;  but  professional  co-operation  does  not. 
Let  Dr.  Dudley's  history  point  this  moral ! 

In  1878,  as  a  new  member  of  the  Institute,  without  wait- 
ing to  get  light  by  simply  "  keeping  dark,"  he  contributed  to 
the  Transactions  his  paper  on  The  Chemical  Composition  and 
Physical  Properties  of  Steel  Rails,^  embodying  the  results  of 
numerous  experiments  and  much  thought.  That  contribution 
"  fired  a  shot  heard  round  the  world/'  The  pages  of  our 
Transactions  bear  abundant  witness  to  the  extent  of  the  interest 
which  it  aroused  and  the  value  of  the  discussion  which  it 
elicited.  The  theories  and  formulas  which  it  tentatively  pro- 
posed have  been  modified  or  superseded  since,  partly  by  his 
own  subsequent  investigations ;  but  it  placed  its  author  in  the 
front  rank  of  investigators,  and  gave  to  the  Institute  a  leader- 


»  Trowj.,  vii.,  172  (1878-79). 
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8hip  in  that  field  not  yet  wholly  lost.  Whoever  studies  the 
relation  of  the  physical  and  chemical  factors  in  steel,  and  the 
history  of  its  scientific  elucidation,  will  find  himself  repeatedly 
referred  to  Dudley's  great  paper  and  its  discussion;  and  no 
better  summary  of  the  latest  results  of  the  long  debate  can  be 
found  than  his  address  on  Some  Features  of  the  Present  Steel 
Rail  Question,  delivered  before  the  American  Society  for  Test- 
ing Materials  in  1908. 

The  following  list  of  Dr.  Dudley's  contributions  to  the  Trans- 
actions indicates  their  range  and  value.  His  ability  and  zeal 
were  promptly  recognized  by  his  fellow-members,  who  elected 
him  in  1880  a  Vice-President  of  the  Institute. 

Contributions. 

Payert. 

The  Chemical  Composition  and  Physical  Properties  of  Steel  Bails.     Vol.  VII., 

p.  172. 
Does  the  Wearing  Power  of  Steel  Rails  Increase  with  the  Hardness  of  the  Steel  ? 

Vol.  VII.,  p.  202, 
Wearing  Capacity  of  Steel  Rails  in  Relation  to  their  Chemical  Composition  and 

Physical  Properties.     Vol.  IX.,  p.  321. 
(C.  B.  Dudley  and  F.  N.  Pease)  Notes  on  the  Constitution  of  Cast-Iron.     Vol. 

XIV.,  p.  795. 
The  Wear  of  Metal  as  Influenced  hy  Its  Chemical  and  Physical  Properties.     Vol. 

XIX.,  p.  892. 
The  Making  of  Specifications  for  Structural  Materials.     Vol.  XXI.,  p.  379. 
Standard  Specifications  for  Cast-Iron  Car- Wheels.     Vol.  XXXV.,  p.  189. 

DieeuisUms  and  lUmarka, 

Of  his  Rail  papers  in  Vol.  VII.    Vol.  VIL,  pp.  393,  413. 

Of  his  Rail  paper  in  Vol.  IX.     Vol.  IX.,  p.  588. 

Of  Witherow's  paper  on  The  Clapp-Griffiths  Converter.     Vol.  XIV.,  p.  938. 

Of  Langley's  paper,  International  Standards  for  the  Analysis  of  Iron  and  Steel. 
Vol.  XIX.,  p.  635. 

On  Magnetic  Concentration  of  Iron-Ore.     Vol.  XX.,  p.  580. 

Of  Hunt*s  paper.  Tests  and  Requirements  of  Structural  Wrought-Iron  and  Steel. 
Vol.  XX.,  p.  703. 

Of  CamphelPs  paper,  The  Influence  of  Carhon,  Phosphorus,  Manganese,  and  Sul- 
phur on  the  Tensile  Strength  of  Open-Hearth  Steel.     Vol.  XXXV.,  p.  1046. 

Of  Gay  ley's  and  Johnson's  papers  on  Blast-Fumace  Practice.  Vol.  XXXVI., 
p.  792. 

Of  Roe's  paper  on  Manufacture  and  Characteristics  of  Wrought-Iron.  Vol. 
XXXVL,  p.  811. 

The  foregoing  list  represents  but  a  small  part  of  his  fruitful 
activity  in  technical  literature.  Another  part  is  comprised  in 
the  two  series  of  articles  (more  than  fifty  in  all)  published  at 
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intervals  during  about  fourteen  years  in  The  American  Engineer 
and  Railroad  Joumaly  and  intended  to  explain  and  recommend 
to  manufacturers  the  specifications  of  the  Pennsylvania  Rail- 
road Co.,  by  stating  the  reason  of  such  requirements,  and  de- 
scribing the  methods  of  the  chemical  tests  involved.  And 
to  these  must  be  added  his  numerous  papers  and  addresses 
before  technical  societies,  etc.,  of  which  I  have  been  able  to 
collect  the  following  incomplete  but  suggestive  list : 

Fuel  Oil,     Lecture  delivered  before  the  Franklin  Institnte,  Jan.  6,  1888. 

InternatUmal  Standards  for  the  Analyns  of  Iron  and  Steel.  Reports  of  the  Sabcom- 
mittee  on  Methods,  Charles  B.  Dudley,  Chairman.  {Proceedings  of  the 
American  Society  of  Civil  Engineers,  1889  and  1890.) 

Lecture  on  Paints  and  Painting  Materials.  Delivered  under  the  auspices  of  the 
Carria^  Builders'  National  Associatiori,  Mar.  16,  1892. 

Address  to  the  Members  of  the  Chemical  Section  of  the  Engineert^  Society  at  Pittsburg, 
Sept  27,  1892. 

Standard  Methods  for  the  Analysis  of  Iron  and  Steel.  Read  before  the  Engineers' 
Society  of  Western  Pennsylvania,  Oct.  24,  1893. 

An  Attempt  to  Find  the  Amount  of  Phosphorus  in  Three  Samples  of  Steel,  and  Some 
Points  in  the  Determination  of  Phosphorus  in  Steel  by  the  Volumetric  Method,  By 
Charles  B.  Dndley  and  F.  N.  Pease.  Journal  of  the  American  Oiemieal  So- 
ciety, Vol  XVI.,  No.  4,  April,  1894. 

The  Theory  and  Practical  Use  of  IneH  Pigments.  "  Drugs,  Oils,  and  Paints,*^  Octo- 
ber and  November,  1896. 

Some  Present  Possibilities  in  the  Analysis  of  Iron  and  Steel.  Read  before  the  Ameri- 
can Chemical  Society,  Dec.  29,  1896. 

The  Ventilation  of  Passenger  Cars  on  Railroads.  Journal  of  the  FranUin  Institute, 
July,  1897. 

The  Dignity  of  Analytical  Work.  Presidential  Address.  Read  before  the  American 
Chemical  Society,  Dec.  29,  1897. 

lUport  of  the  OommiUee  on  Coal  Analysis.  By  William  A.  Noyes,  W.  F.  Hille- 
brand,  and  C.  B.  Dudley.  Journal  of  the  American  Chemical  Society,  Vol.  XXL, 
No.  12,  December,  1899. 

Disinfection  of  Passenger  Cars.  By  C.  B.  Dudley,  Chemist,  and  M.  E.  McDonnell, 
Bacteriologist,  of  the  Pennsylvania  Railroad  Co.  Amaiean  Engineer  and 
Railroad  Journal,  June,  1902. 

The  Making  of  Specifications  for  Materials.  President's  Address.  Proceedings  of  the 
American  Society  for  Testing  Materials,  Vol.  III.,  1903. 

A  System  of  Passenger-Car  Ventilation.     Read  April  8,  1904. 

OUs  and  Pigments.  Lecture  before  the  Sixteenth  Annual  Convention  of  the  Master 
House-Painters'  and  Decorators'  Association  of  Pennsylvania,  Jan.  14,  1904. 

The  Passenger-Car  Ventilation  System  of  the  Pennsylvania  Railroad  Comptmy,  1904. 

The  Infiuence  of  Specifications  on  Commercial  Products.  President's  Address,  Ameri- 
can Society  for  Testing  Materials,  June,  1904.     Proceedings,  VoL  IV.,  1904. 

The  Testing  Engineer,  President's  Address,  American  Society  for  Testing  Materials. 
Proceedings,  Vol.  V.,  1905. 

The  DissemiThotion  of  Tubereulasis  as  Affected  by  Railway  Travel.  Read  at  the  an- 
nual meeting  of  the  American  Public  Health  Association,  September,  1905. 
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The  EfiforeemejU  of  Speeificatwns.  President's  Address,  American  Society  for  Test- 
ing Materials.     Proceedings,  Vol.  VII.,  1907. 

Some  Features  of  the  Present  Steel  Rail  Questian.  President's  Address,  American 
Society  for  Testing  Materials.     Proceedings,  Vol.  VIII.,  1908. 

Engineering  Responsibility.  President's  Address,  American  Society  for  Testing 
Materials.     Proceedings,  Vol.  IX.,  1909. 

This  wonderful  aggregate  constituted  one  of  the  most  potent 
factors  in  that  harmonious  union  of  practitioners  with  critics 
and  investigators  which  has  produced  the  rapid  progress  of  the 
arts  as  well  as  the  sciences  among  us.  Each  of  these  classes 
has  reacted  as  a  stimulus  upon  the  other;  and  Dudley  repre- 
sented both. 

He  was  a  member  of  the  American  Societies  of  Civil  and 
Mechanical  Engineers ;  the  American  Institute  of  Electrical  En- 
gineers ;  the  American  Electro-Chemical  Society ;  the  Franklin 
Institute;  the  American  Philosophical  Society;  the  Academy 
of  Science ;  the  American  Railway,  Historical,  Forestry,  and 
Public  Health  Associations;  the  Iron  and  Steel  Institute  of 
Great  Britain;  the  Verein  deutscher  Msenhilttenleute ;  and  nu- 
merous English,  German,  and  French  chemical  societies.  He 
was  twice  President  of  the  American  Chemical  Society,  and  four 
times  of  the  American  Society  for  Testing  Materials ;  President 
of  the  Bureau  of  the  American  Railway  Association  for  the 
Safe  Transportation  of  Hazardous  Materials ;  and  Chairman  of 
the  Committee  on  Explosives  of  that  association.  At  the  time 
of  his  death,  he  was  President  of  the  International  Association 
for  Testing  Materials.  He  was  one  of  the  founders  of  the 
Juniata  Club  in  Altoona,  and  a  member  of  the  Cosmos  (Wash- 
ington, D.  C),  Union  League  (Philadelphia),  and  Engineers' 
(New  York)  clubs. 

The  town  of  Altoona,  which  his  work  helped  to  make  famous 
throughout  the  world,  owes  him  a  great  debt  of  gratitude.  He 
was  the  President  of  its  first  Board  of  Health,  and  placed  at 
its  service  his  scientific  knowledge  and  business  sense  in  the 
establishment  of  good  sanitary  conditions.  The  Pennsylvania 
Company,  which  owns  so  large  a  part  of  the  town  and  employs 
so  large  a  part  of  its  population,  had  given  him  its  complete 
confidence,  and  was  accustomed  to  **do  what  Dudley  said; " 
and  his  unselfish  labors  won  for  him  likewise  the  confidence  of 
his  townsmen ;  so  that  he  had,  in  many  respects,  the  power  of 
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a  dictator.  Yet  he  was  but  "  the  servant  of  all,"  and  only  in 
that  best  sense  a  ruler.  One  of  the  institutions  which  bears  the 
marks  of  his  helpful  guidance  is  the  Altoona  Mechanics'  Library, 
of  which  he  was  an  oflBcer,  and  for  which,  aided  by  the  Penn- 
sylvania Railroad  Co.,  he  acquired  many  well-selected  tech- 
nical books  and  files  of  scientific  periodicals.  The  library  now 
contains  more  than  45,000  volumes,  comprising,  besides  ade- 
quate provision  in  general  literature,  history,  travel,  and  fic- 
tion, a  collection  of  standard  books  of  reference  in  science  and 
technology  which  many  a  college  might  envy. 

But  it  was  not  as  a  kindly  patron  from  some  larger  sphere, 
bestowing  benefits  incidentally,  as  it  were,  upon  a  community 
in  which  he  had  only  a  benevolent  interest,  that  Dr.  Dudley 
served  the  town  of  Altoona.  He  regarded  it  as  his  home ;  he 
invested  in  it  his  savings ;  and  on  its  eastern  edge  he  had  a 
farm,  to  which,  rather  than  to  fashionable  watering-places  or 
foreign  lands,  he  retired  for  rest  and  recreation.  He  had  made 
four  journeys  to  Europe,  having  been  sent  in  1886  to  study,  in 
Russia  especially,  the  use  of  oil  as  a  fuel  in  railway-locomotives, 
and  again  in  1900  as  a  delegate  to  the  International  Railway 
Congress  at  Paris.  In  1906,  he  spent  a  happy  three  months' 
vacation  in  Italy,  with  his  wife ;  and  in  1909  he  made  another 
transatlantic  trip.  But  round  the  world,  as  here  among  us, 
he  was  known  and  hailed  as  "  Dudley  of  Altoona."  The 
journey  of  1909  was  made  for  the  purpose  of  attending  as  a 
delegate  from  the  United  States  the  Copenhagen  meeting  of 
the  International  Society  for  Testing  Materials.  It  was  at  this 
meeting  that  he  was  enthusiastically  elected  President  of  the 
Society  by  the  900  delegates  present  from  all  parts  of  the  world. 
This  honor  touched  him  deeply,  and  his  satisfaction  was  in- 
creased by  the  selection  of  the  United  States,  upon  his  invita- 
tion, as  the  country  in  which  the  next  international  meeting 
should  be  held.  In  extending  this  invitation.  Dr.  Dudley  prom- 
ised that  the  sessions  should  be  carried  on  in  English,  French, 
and  German.  He  felt  that  the  proper  execution  of  this  promise 
involved  the  use  of  these  languages  by  the  presiding  officer, 
and  he  was  conscious  of  his  own  inability,  through  lack  of  prac- 
tice, to  speak  freely  in  French  or  German,  although  he  could 
read  both  languages  with  ease.  It  was  characteristic  of  him, 
that  immediately  after  the  meeting  at  Copenhagen,  he  began 
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to  take  lessons  in  talking  French  and  German,  and  devoted  to 
that  purpose  every  available  hour  of  his  time  thereafter.  It  is 
not  easy  for  a  man  approaching  seventy  years  to  acquire  facility 
in  a  new  tongue ;  but  I  firmly  believe  that  Dr.  Dudley  would 
have  conquered  this  difficulty  before  1912. 

The  story  of  his  final  illness  and  death  is  brief.  Up  to  the 
middle  of  December,  1909,  he  was,  as  we  were  all  accustomed 
to  see  him,  full  of  vitality  and  unimpaired  in  his  enthusiasm 
and  power  for  work.  But  on  Friday,  Dec.  17,  he  returned  to 
Altoona  from  a  two  days'  visit  to  Washington,  D.  C,  where  he 
had  contracted  a  severe  cold.  The  next  day  pneumonia  was 
developed;  on  Sunday  his  condition  became  alarming;  and  on 
Tuesday  evening  he  died.  We  are  told  on  high  authority  that 
pneumonia  is  one  of  the  very  few  maladies  in  dealing  with 
which  modern  medical  science  has  made  little  or  no  progress. 
It  seems  a  cruel  mockery  of  our  human  knowledge  that  this 
one  unconquered  foe  should  so  easily  overcome  a  great  scien- 
tific leader.  Yet,  if  we  contemplate  the  character  of  the  man, 
and  the  work  he  had  already  accomplished  for  his  kind,  we 
may  rather  lament  our  own  continued  careers  than  that  which 
was  so  suddenly  cut  off.  If,  using  the  method  of  engineers, 
we  should  estimate  the  value  of  a  life  by  multiplying  its  years 
into  its  achievements,  who  of  us  might  not  envy  this  record  ? 
And  if,  in  similar  fashion,  we  take  account  of  its  momentum, 
as  it  disappears  from  our  mortal  view,  who  of  us  will  dare  to 
say  it  has  ceased  to  advance,  because  we  have  ceased  to  see  it  ? 
Is  anything  ended,  except  our  power  of  seeing  ? 

I  cannot  do  better,  in  summarizing  both  the  qualities  of 
Charles  B.  Dudley  and  the  impressions  which  they  produced 
upon  others,  than  to  quote  the  following  paragraphs  from  the 
minute  of  the  Executive  Committee  of  the  American  Society 
for  Testing  Materials,  prepared  by  Prof.  Henry  M.  Howe,  past- 
President  of  that  Society,  of  which  Dr.  Dudley  himself  was 
President  at  the  time  of  his  death,  and  Dudley's  successor  as 
the  President  of  the  corresponding  International  Society  : 

'*  Let  UB  record  at  once  our  deep  grief  and  oar  deeper  gratitude,  our  grief  in- 
deed at  the  loss  of  a  great  leader  and  dear  friend,  but  above  aU,  our  gratitude 
that  we  have  had  the  privilege  of  being  led. 

' '  Such  measure  of  uaef ulneas  as  our  Society  has  had,  it  owes  in  very  large  part 
to  that  leadership.     Here  was  a  most  rare  combination  of  qualities,  the  sterling, 
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the  intellecUial,  the  human,  the  jadicial,  each  on  a  high  level,  all  oombining  to 
form  a  character,  a  personality,  whose  like  we  shall  not  look  upon  again. 

''With  a  clear  head  to  see  the  world's  needs,  to  part  the  essential  from  the 
accidental  and  the  merely  concomitant,  went  the  skillful  and  persuasive  tongue  to 
make  clear  to  the  rest  of  us  what  he  had  first  made  so  clear  to  himself.  With 
these  went  the  perfect  fearlessness,  apparently  even  the  unconsciousness  of  either 
danger  or  fear,  which  made  him  lead  on  where  others  would  have  flinched.  With 
these  again  went  his  calm,  clear,  good  judgment,  which  seemed  to  tell  him  spon- 
taneously which  among  the  good  things  that  needed  doing  were  the  most  worthy 
of  being  done,  and  what  were  the  best  and  surest  ways  of  doing  them. 

'*  With  all  these  admirable  qualities  went  that  which  was  necessary  to  the  ac- 
complishment of  his  high  purposes,  his  kindness  of  heart,  his  sympathy  and  his 
tact,  which  made  us  all  his  allies  in  what  he  undertook.  Had  he  a  proposal? 
Our  affection  and  veneration  for  him  made  us  almost  its  advocates  before  it  was 
unfolded.  Its  intrinsic  wisdom,  and  the  clearness  with  which  he  expressed  it, 
found  an  audience  ready,  almost  anxious,  and  certainly  expecting  to  be  convinced." 

Though  keenly  aware  of  the  inadequacy  of  my  notice  of  this 
great  leader,  bright  example,  and  dear  friend,  I  cannot  believe 
that  I  have  wholly  failed  to  set  forth  beyond  misunderstanding 
the  features  which  seem  to  me  most  important  and  inspiring 
in  his  career — namely : 

1.  He  was  among  the  first  to  furnish  in  this  country  a  con- 
clusive demonstration  of  the  value  of  scientific  aid  in  business 
enterprises. 

2.  The  demonstration  which  he  thus  furnished  proceeded 
from  his  own  versatile  and  sympathetic  character,  and  consisted 
in  the  tactful  combination  of  practical  application  with  theo- 
retical research. 

3.  The  extraordinary  effiect  of  his  labors  in  this  field  was  en- 
hanced by  the  fraternal  spirit  in  which  he  shared  their  results 
with  other  workers  in  the  same  field. 

4.  And  supremely  important,  in  his  work,  was  his  person- 
ality; the  unfailing  sweetness,  cordiality,  and  victorious  joy  of 
his  temperament.  He  loved  the  world ;  he  loved  his  fellow- 
men  ;  and  we  loved,  trusted,  and  followed  him ! 


I  have  reserved  to  the  last  an  observation  for  which  I  could 
find  no  appropriate  place  in  the  above  text,  yet  which  seems  to 
me  essential  to  a  full  view  of  Dr.  Dudley's  life. 

We  who  were  personally  intimate  with  Dr.  Dudley  had  be- 
come accustomed  to  regard  him  as  one  of  those  "  bachelors  of 
science  "  who,  though  they  had  long  ago  become  "  Masters  " 
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and  "DoctorB,"  still  held  to  the  celibacy  connected,  in  old 
times,  with  their  first  degree.  And  when  we  learned  of  his 
marriage,  Apr.  17,  1906,  to  Miss  Mary  V.  Crawford,  of  Bryn 
Mawr,  Pa.,  we  rejoiced  that,  even  so  late,  he  had  found  the 
home-life  which  he  so  well  deserved,  and  for  which  he  was  so 
well  qualified.  Our  hopes  and  congratulations  were  not  dis- 
appointed. We  saw  how  that  experience  renewed  his  youth; 
we  read  upon  his  face  the  one  last  word  of  charm ;  we  recog- 
nized the  flying  signal  of  a  heart,  anchored  at  last  in  a  happy 
home.  And,  even  in  this  public  place,  we  would  ofier,  together 
with  our  praise  of  him,  both  our  sympathy  and  our  congratula- 
tions to  her  whose  affection  added  flowers  of  crowning  joy  to 
the  laurel-leaves  of  his  fame ! 
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Combustion  in  Cement-Burning. 

BY  BYRON  E.  ELDRED,  NEW  YORK,  N.  Y. 

(Pittsburg  Meeting,  March,  1910.) 

Generally  speaking,  the  practical  study  of  combustiou  has 
been  made  mainly  from  the  stand-point  of  the  steam  engineer. 
This  narrow  view-point  has  left  open  a  large  field  for  scientific 
research  on  the  application  of  combustion  in  other  arts,  where 
the  conditions  of  heat-utilization  are  widely  difterent  from  those 
presented  in  the  steam-generator.  The  great  economic  impor- 
tance of  the  boiler  and  the  ease  of  measuring  its  performance, 
together  with  the  comparative  uniformity  of  conditions  in  the 
steam-generator,  is,  probably,  quite  largely  responsible  for  the 
practical  neglect  of  the  study  of  the  use  of  fuels  in  other  arts 
save  only  on  the  basis  of  their  thermal  value. 

Yet  these  other  arts  show  quite  plainly  that  a  thermal-value 
basis  alone  is  not  sufficient.  For  example,  in  burning  lime, 
under  ordinary  conditions  of  firing,  a  cord  of  wood  will  do  as 
much  work  as  a  ton  of  coal,  though  the  latter  affords  more  than 
twice  the  number  of  heat-units.  Similar  results  are  evidenced 
in  burning  brick,  in  the  roasting  of  certain  ores,  in  reheating 
billets,  and  in  many  other  arts  where  heat  is  to  be  applied 
over  extended  areas  to  fragmental  masses  of  more  or  less  re- 
fractory materials.  In  these  arts  much  is  to  be  gained  by  a 
careful  study  of  the  application  of  the  heating-agent  in  the  form 
of  the  long  flame,  and  in  the  production  of  the  heat  in  con- 
tact with,  or  in  direct  proximity  to,  the  object  to  be  heated. 
Of  necessity,  in  boiler-practice,  combustion  cannot  be  main- 
tained in  actual  contact  with,  or  in  close  proximity  to,  the  object 
to  be  heated. 

Speaking  in  a  general  way,  heat  is  imparted  from  burning 
bodies  to  things  to  be  heated  in  two  ways  :  directly,  by  radia- 
tion, and  indirectly,  by  transfer  of  the  sensible  heat  of  hot 
gases  by  convection  or  contact;  by  conduction  from  the  hot 
gases.     Both  ways  are  utilized  in  boiler-practice — directly,  by 

[1] 


450  COMBUSTION   IN   CBMBNT-BURNING. 

the  radiation  from  the  flame  and  from  farnace-walls,  and  in- 
directly, by  the  heating-effect*  of  currents  of  hot-flame  gases. 
But  because  the  thing  to  be  heated,  the, water  or  its  metal  con- 
tainer, is  always  at  a  temperature  which  will  extinguish  flame, 
the  heat  is  always  generated  elsewhere  and  conveyed  to  the 
boiler ;  it  cannot  be  produced  at  the  point  where  it  is  wanted. 
Again,  the  very  wide  and  essential  difference  between  the  heat- 
ing of  water  and  the  work  performed  by  heat  in  other  arts  lies 
in  the  property  of  the  liquid  to  distribute  the  heat  evenly 
throughout  its  mass. 

Different  conditions  prevail  in  other  arts ;  but  these  condi- 
tions have  not  been  well  studied,  and  our  practice  is  crude.  As 
regards  radiation,  the  old  axiom  that  the  power  of  a  body  to 
intercept  heat  is  inversely  proportional  to  the  square  of  its 
distance  from  the  source  of  the  heat,  is  still  worth  considerar 
tion.  The  application  of  pre-generated  heat  to  extended  areas 
of  fragmental,  more  or  less  refractory  materials,  in  the  same 
way  as  in  the  boiler-furnace,  is  wasteful  and  unsatisfactory. 
This  is  the  reason  for  the  preference  of  long-flame  fuels  for  cer- 
tain work,  and  the  reason  why  gas-producers  are  run  with 
shallow  fuel-beds  for  soaking-pits  and  billetpreheating  furnaces ; 
the  reason  why  lean  gas  is  wastefuUy  produced  at  a  much 
greater  expense  than  the  richer  gas  from  the  more  economically 
operated  producers  that  supply  the  open-hearth  furnaces.  The 
lean  gas  gives  a  difterent  type  of  flame ;  a  slower,  longer  flame 
suitable  for  the  comparatively  low,  slow  heating  of  solid  masses 
over  extended  areas. 

This  cited  case  of  wasteful  heatrgeneration  to  secure  special 
application  is  a  fair  support  for  my  statement  that  the  study  of 
the  phenomena  of  applied  combustion  has  been  neglected.  The 
fact  has  never  been  pointed  out  that  the  reason  for  this  waste- 
ful low-fire  producer-operation  is  to  secure  later  the  flame-re- 
sults of  a  lean  gas  carrying  a  large  percentage  of  the  neutral 
diluent  gases,  nitrogen  and  carbon  dioxide,  though,  as  respects 
the  latter,  it  is  perhaps  hardly  to  be  regarded  as  a  purely  neu- 
tral diluent.  The  gas-producer  operator  knows  only  this  in- 
direct way  of  securing  a  desirable  end,  while  to  any  man  of 
ordinary  scientific  knowledge,  the  mere  suggestion  of  the  end 
to  be  attained  should  suggest  the  better  way  of  an  economical 
manufacture  of  the  producer-gas  and  the  later  use  of  waste 
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gases  in  admixture  with  air  to  produce  the  desired  type  of 
flame :  a  way  which  is  susceptible  of  regulation  and  control. 

In  my  studies  of  long-flame  combustion,  I  have  noted 
remarkably  wide  differences,  and  great  advantages,  in  the 
application  of  the  heating-agent  to  generate  heat  in  contact 
with  the  work,  as  contrasted  with  the  prior  methods  of  apply- 
ing pre-generated  heat.  The  practical  workings  of  this  idea 
were  investigated  by  a  committee  of  the  Franklin  Institute 
about  five  years  ago  and  reported  on  favorably ;  therefore,  I 
will  not  go  into  further  detail,  and  only  offer  the  foregoing 
as  a  preface  to  the  statement  that  I  consider  cement-burning 
as  conducted  in  present-day  accepted  American  practice  a  good 
demonstration  of  the  crudeness  of  our  application  of  the  prin- 
ciples of  combustion ;  and,  to  go  a  step  further,  of  our  lack  of 
observation  of  the  phenomena  of  combustion. 

In  the  present  practice  of  burning  cement,  the  clinker  is 
made  by  slowly  passing  a  stream  of  finely-powdered  cement 
materials  through  a  rotary  kiln  of  from  5  to  8  ft.  internal 
diameter  and  from  60  to  150  ft.  long.  In  the  entrance  of  the 
kiln  burns  an  aerially-supported  flame-plume,  generally  axially 
directed,  produced  by  powdered  coal  injected  by  air.  In  pass- 
ing through  the  kiln,  the  materials,  which  are  an  artificial  or  a 
natural  mixture  of  clay  and  calcium  carbonate,  are  first  dehy- 
drated by  the  heat  of  the  flame-gases.  Then  the  carbonate  is 
causticized  by  dissociation,  or  calcined,  the  carbon  dioxide 
being  driven  off  by  heat,  and  finally  the  clay  and  lime  unite  to 
form  the  clinker. 

Each  of  these  operations,  dehydration,  calcining,  and  clinker- 
ing,  has  different  thermal  requirements,  and  yet  in  the  ordi- 
nary practice  all  three  are  performed  by  one  flame :  a  flame 
particularly  adapted  to  the  needs  of  the  clinkering-operation 
and  to  that  only.  Clinkering  requires  a  high  temperature — a 
temperature  sufficient  to  sinter  the  clay  component  and  cause 
it  to  unite  with  the  lime;  but  no  great  absorption  of  heat 
occurs;  the  action  is  exothermic.  And  as  the  calcines  pass 
slowly  under  the  blazing,  heat-radiating  coal-flame,  they  rapidly 
acquire  the  necessary  temperature,  and  clinker.  For  the  cal- 
cining, the  waste  heat  of  the  flame-gases  is  considered  all  that 
is  necessary;  yet  the  marked  economy  of  the  slow-burning, 
voluminous  flame  for  calcining  is  well  known  in  other  arts. 
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The  net  result  is  that  the  ordinary  cement-kiln  is  a  good 
clinkerer,  a  highly  inefficient  calciner  (the  calcines  often  come 
into  the  clinkering-zone  with  a  material  percentage  of  their 
carbon  dioxide  remaining),  and  a  very  wasteful  thermal  de- 
vice. 

So  far  as  combustion  is  concerned,  the  kiln  is  a  horizontal 
flue,  and,  as  in  every  other  horizontal  flue,  whatever  gas-strati- 
fication can  occur  will  occur.  Much  does  occur.  The  flame 
is  purposely  spaced  away  from  the  work  in  the  clinkering- 
zone,  and  the  gases  from  it  rise  into  the  arch  of  the  kiln  and 
never  get  into  effectual  contact  with  the  work  in  the  calcining- 
zone.  The  heating  in  the  calcining-zone  is  largely  by  radia- 
tion from  the  upper  walls,  and  by  direct  conduction  as  the 
upper  wall  becomes  the  lower  and  moves  under  the  onflowing 
stream  of  material.  There  is  practically  no  direct  heating  by 
the  flame-gases.  These  gases  flow  along  the  upper  part  of  the 
kiln,  and  under  them  flows  an  entrained  current  of  relatively 
colder  air,  partly  brought  in  by  the  stack-suction  and  partly  by 
the  injector-action  of  the  flame  and  coal-feeder. 

Not  only  is  the  heating  of  the  calcining  mass  inefficient,  but 
the  calcination' is  furthermore  performed  under  the  worst  pos- 
sible conditions.  Calcination  is  a  heat-absorbing  reaction,  and 
the  evolved  carbon  dioxide  is,  therefore,  relatively  cold  and 
dense,  while  it  is  naturally  a  gas  of  high  speciflc  gravity.  It, 
therefore,  tends  to  remain  in  the  bottom  of  the  kiln,  flowing 
along  as  a  separate  stratum  bathing  the  material,  and  very 
little  admixed  with  the  gases  and  air  above.  In  other  words, 
he  carbonate  is  being  calcined  in  an  atmosphere  of  carbon 
dioxide ;  or,  at  least,  an  atmosphere  which  is  abnormally  rich 
in  carbon  dioxide.  Now  calcination  is  one  of  the  reactions 
which,  like  evaporation,  depends  very  much  upon  the  ambient 
atmosphere.  Other  things  being  equal,  and  within  certain 
ranges  of  temperature,  the  heat  required  to  dissociate  calcium 
carbonate  is  inversely  as  the  percentage  of  carbon  dioxide  in 
the  atmosphere.  That  is  one  of  the  reasons  why  the  rotary 
kiln  is  so  poor  a  calciner  as  compared  with  the  vertical,  sepa- 
rately-fired lime-kiln.  In  the  latter,  the  pieces  of  dissociating 
limestone  are  always  bathed  in  a  constantly-changing  atmos- 
phere, which  can  never  contain  more  than  21  volume  per  cent, 
of  carbon  dioxide  (the  theoretical  maximum  for  products  of 
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combustion),  and  which,  as  a  matter  of  fact,  never  runs  any- 
where near  a«  high  as  that  amount. 

In  the  vertical  kiln,  calcination  and  heat-utilization  are  very 
much  better  than  in  the  rotary  kiln,  which  is  essentially  a 
device  adapted  for  the  use  of  cheap  fuel  and  expensive  labor. 
And  calcination,  though  not  generally  so  recognized,  is  one  of 
the  most  important  functions  of  the  cement-kiln.  In  the  ordi- 
nary rotary  kiln,  the  material  comes  into  the  vicinity  of  the 
clinkering-flame  but  partly  calcined,  and  there  is  a  sudden 
evolution  of  carbon  dioxide  at  this  point,  disturbing  the  normal 
and  orderly  sequence  of  the  operations  and  leading  to  the 
formation  of  clinker-rings  and  nodules. 

As  a  labor-saving  device  the  American  coal-fired  rotary 
cement-kiln  was  a  great  advance  in  the  art  over  anything  ever 
known  before ;  but  from  the  view-point  of  the  heat  engineer 
it  is  a  grossly  wasteful  and  inefficient  apparatus.  Though, 
theoretically,  25  lb.  of  coal  should  suffice  for  making  a  barrel 
of  cement,  the  actual  consumption  is  from  90  to  110  lb.  Many 
attempts  have  been  made  to  lessen  this  waste  of  fuel ;  but  they 
have  not  embodied  a  scientific  application  of  fundamental  prin- 
ciples and,  hence,  have  not  been  successful.  Regenerators, 
recuperators,  and  the  like  cannot  be  employed  with  the  present 
single  kiln,  for  the  reason,  among  others,  that  the  dust  evolved 
in  calcining  is  carried  forward  by  the  violent  rush  of  gases 
through  the  kiln  and  would  soon  choke  up  such  heat-recover- 
ing devices,  and  also  because  of  the  necessity  for  unimpeded 
draft  under  the  conditions  of  high  localized  heat-generation 
with  the  burning  of  fuel,  taking  into  account  the  large  air- 
excess  requirements  and  the  increase  in  volume  of  gases  due  to 
calcination-products. 

Succinctly,  in  the  ordinarly  kiln  two  whoUy-unlike  opera- 
tions, clinkering  and  calcining,  are  performed  by  one  flame ; 
and  the  results,  so  far  as  calcination  is  concerned,  are  not  good, 
while  the  heat-waste  is  enormous.  It  is  obviously  better  to 
perform  the  two  stages  as  two  stages  in  two  kilns,  and  use  for 
each  combustion-methods  best  adapted  for  that  particular  stage. 
In  doing  this,  moreover,  the  possibility  of  using  heat-recover- 
ing devices  is  afforded,  since,  as  it  so  happens,  the  dusting  is 
mostly  obviated  by  slow-traveling  flames  in  both  steps,  while 
the  high-temperature  gases  from  the  clinkering-operation  can 
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be  used  in  regenerating  the  fuel  for  clinkering,  and  the  lower- 
temperature  gases  from  calcining  can  be  used  in  regenerating 
for  that  operation,  if  desired,  although  this  is  less  practicable. 
With  the  possibility  of  using  regenerators  comes  the  oppor- 
tunity to  use  producer-gas,  which,  normally,  gives  rather  too 
low  a  temperature  for  clinkering,  in  place  of  the  more  expen- 
sive powdered  coal. 

With  this  severing  of  the  calcining  from  dependence  upon 
the  clinkering  comes  the  practicability  of  a  scientific  utilization 
of  combustion  in  the  calcining-ope ration.  The  latter  becomes 
a  simple,  lime-burning  step,  differing  only  in  that  the  material, 
being  finely  powdered,  cannot  be  handled  in  a  vertical  kiln  and 
thus  brought  into  actual  contact  with  the  flame  and  hot  gases 
from  ordinary  firing-means.  Something  more  than  the  ordi- 
nary type  of  boiler-furnace  firing-means  is  necessary  with  fine 
material  traveling  down  the  rotary  kiln.  There  must  be  a 
different  type  of  flame :  a  flame  filling  the  cylinder,  and  coming 
into  actual  contact  with  the  material  to  be  heated  and  there 
burning,  in  place  of  traveling  along  its  top.  It  is,  of  course, 
possible  to  produce  combustion  in  contact  with  material  which, 
unlike  water-cooled  boiler-tubes,  can  be  raised  over  a  red  heat; 
and  in  so  doing,  the  law  of  the  square  of  the  distance  is  no 
longer  so  important.  As  a  matter  of  fact,  combustion  is  actu- 
ally much  more  vigorous  in  contact  with  suitable  refractory 
materials,  such  as  lime,  than  elsewhere ;  a  fact  which  will  be 
apparent  to  any  one  who  has  seen  the  flames  licking  the  fur- 
nace-walls. Recent  scientific  work  has  shown  that  this  "  wall 
action  "  much  heightens  the  velocity  of  combustion  and,  con- 
comitantly, the  number  of  heat-units  which  can  be  evolved  in 
a  time-unit. 

There  are  long-flame  fuels;  but  few  of  them  can  be  eco- 
nomically used  in  calcining  cement  materials,  and  fewer  still 
will  afford  a  flame  capable  of  filling  the  barrel  of  the  kiln. 
The  flame  of  ordinarily  good  producer-gas  is  too  short  and 
scanty;  and  if  it  be  burnt  with  regenerated  air,  as  heat- 
economy  dictates,  it  becomes  still  shorter.  But  the  fat,  long 
flame  can  be  secured  by  the  use  of  expedients  which,  looked 
at  in  one  way,  may  be  regarded  as  a  development  of  the  crude 
scheme  of  running  the  producer  with  an  uneconomical  "  low 
fire."     It  is  merely  necessary  to  dilute  the  gas  with  a  neutral 
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gas,  or,  which  is  simpler,  to  dilute  the  air  used  for  combustion. 
Or  a  triple  mixture  of  air,  diluent  gas,  and  combustible  gas  may' 
be  made.  Let  us  consider  this  last  as  the  simplest  case.  If  a 
mixture  of  combustible  gas  and  air  in  theoretical  proportions 
be  made,  ignition,  of  course,  results  in  an  explosion ;  that  is, 
in  a  practically  instantaneous  combustion.  When  one  portion 
of  the  gases  is  brought  above  a  red  heat,  combination  takes 
place  and  heat  enough  to  carry  on  the  reaction  is  evolved  simul- 
taneously. Now  let  us  progressively  dilute  the  mixture  with 
an  inert  gas,  say  nitrogen.  As  the  dilution  goes  on,  the  mix- 
ture becomes  less  and  less  explosive,  till  finally  a  point  is  reached 
where  the  ignition  will  no  longer  propagate  itself  through  the 
mass  at  ordinary  temperature.  A  spark  or  a  flame  brings  the 
mixture  in  its  immediate  vicinity  to  a  red  heat  and  induces  a 
local  combination ;  but  the  ignition  does  not  propagate  through 
the  gas  mass.  It  will  not  burn.  Now  let  us  raise  the  tempera- 
ture of  the  gas  mass.  Obviously  it  will  again  burn,  and  in 
burning  the  gas  will  evolve  heat.  In  other  words,  if  we  pass 
the  mixture  through  a  kiln  containing  red-hot  or  white-hot 
lime,  it  will  then  burn  and  will  evolve  heat.  But,  under  the 
laws  of  "  wall  action,"  the  burning  will  be  most  intense  where 
the  gas  is  in  actual  contact  with  the  hot  solids.  ^ 

With  the  above  in  mind,  it  is  evident  that  we  have  it  in  our 
power  to  dilate  the  flame ;  to  cause  it  to  be  as  long  and  as  volu- 
minous as  we  please.  All  we  have  to  do  is  to  dilute  our  gas 
with  stack-gases,  or  to  dilute  the  air  for  combustion.  Stack- 
gases  are  better  for  this  purpose  than  pure  nitrogen,  even  were 
the  latter  available,  for  the  reason  that  the  contained  carbon 
dioxide,  for  chemical  reasons,  has  a  combustion-retarding  ac- 
tion much  greater  than  that  of  nitrogen,  so  that  our  gas  mass  * 
need  not  be  so  voluminous.  K  we  dilute  our  air,  we  can  burn 
oil  or  solid  fuel,  if  we  like,  instead  of  producer-gas. 

Presuming  that  we  are  burning  producer-gas  with  air  diluted 
with  stack-gases,  then,  by  a  simple  adjustment  of  the  air-valve 
and  of  the  stack-gas  valve,  we  can  make  our  flame  lengthen 
and  spread  out  till  it  fills  the  kiln.  It  does  not  burn  at  once 
and  give  gases  rising  into  the  arch ;  it  burns  all  through  the 
kiln,  and  it  burns  most  rapidly  at  the  point  where  it  comes  into 
contact  with  the  powdered  refractory  material  of  the  cement 
mix.     In  other  words,  we  are  developing  a  large  part  of  our 
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heat  where  we  want  it,  in  place  of  developing  it  all  somewhere 
else  and  then  transferring  it  to  where  we  want  it.  And  in  place 
of  calcining  the  limestone  in  an  atmosphere  of  nearly  pure  car- 
bon dioxide,  we  are  calcining  it  in  an  atmosphere  of  flame- 
gases,  an  atmosphere  which  cannot  contain  so  great  a  propor- 
tion of  that  gas. 

By  the  separation  of  the  calcining  and  clinkering  steps,  we 
can  employ  a  slow-traveling  draft-current  through  the  calcin- 
ing-kiln,  because  it  is  not  necessary  to  expel  the  products  of 
combustion  from  a  zone  of  intense  heat  to  make  room  for 
fresh  fuel.  The  calcination  may  be  accomplished  without  re- 
gard to  the  clinkering-zone  conditions,  and  regulation  should 
secure  a  low  temperature  of  chimney-gases,  which,  under  pres- 
ent practice  conditions,  carry  off  approximately  six  times  the 
heat  of  the  discharged  clinker ;  and  practically  half  of  the 
heat  waste  accounted  for  in  the  chimney-gases  is  carried  by  the 
excess  air  required  to  support  the  combustion  of  powdered  fuel. 
Prof.  Joseph  W.  Richards^  reported  a  test  of  a  rotary  kiln 
showing  his  calculation  of  a  heat-balance  accounting  for  72.1 
per  cent,  of  the  total  heat  as  lost  in  the  chimney-gases. 

The  heat  required  for  the  combination  of  the  clinker  is 
variously  estimated,  but  from  15  to  18  per  cent,  of  the  heat 
developed  by  the  coal  seems  a  fair  proportion.  Therefore,  the 
clinkering-operation  conducted  in  a  separate  kiln  should  require 
but  little  fuel  and  much  less  attention,  as  good  clinker  depends 
most  largely  on  properly-calcined  material. 

What  I  propose  for  the  calcination  is  the  present  rotary  kiln, 
gas-fired  with  long-flame  combustion.  Such  a  kiln  with  such 
a  gas-flame  has  produced  more  than  6  lb.  of  lime  per  pound  of 
coal  burned  in  a  producer  with  low  fuel-bed.  "  Good  "  gas-fuel 
reduced  the  output  of  the  kiln  materially.  Next,  I  propose  to 
take  fritted  calcines  from  the  calcining-kilns  to  a  special  clink- 
ering-kiln,  which  shall  embody  heat-regenerators  and  gas-fir- 
ing.   Open-hearth  practice  gives  us  an  idea  of  this  operation. 

This  plan  has  not  yet  been  put  into  commercial  operation. 
German  scientists  have  thought  well  of  it,  and  it  was  expected 
that  a  demonstration  would  take  place  near  Berlin  this  spring, 
but  from  last  reports  little  progress,  except  on  paper,  has  thus 

*  Journal  of  the  American  Chemical  Society,  vol.  xxvi.,  No.  1,  pp.  81  to  88  (Janu- 
ary, 1904). 
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fer  been  made.     We  can,  therefore,  only  consider  theoretically 
this  proposition  of  cement-burning  in  a  two-kiln  operation. 

Let  us  assume  the  production  of  a  theoretical  cement  of  the 
following  composition,  on  which  heat-determinations  will  be 
calculated : 

Per  Cent. 
Lime,  corresponding  with  3  (CajSiOs)  and  1  (Oa^AI^Os),        .     68.65 

SUica, 20.10 

Alumina, 11.35 

All  of  the  other  constituents  found  in  commercial  cement  are 
accidental  impurities. 

To  produce  the  cement,  the  ingredients  will  be  used  in  the 
following  proportions  : 

Limestone  (CaCO,), 122.32 

Clay  (AI2O3  .  2  SiOa .  2  H,0), 28.75 

Sand, 6.7 

Total  weight  of  mixture, 157.77 

This  amount  of  raw  materials  is  required  to  produce  100  kg. 

of  cement 

First,  the  mix  must  be  heated  to  900°  C.  to  dehydrate  the 

clay  and  decompose  the  limestone. 

The  heat- requirements  for  producing  calcines  are  as  follows : 
For  dehydrating  the  clay,  there  will  be  required  1,218  cal- 
ories per  kilogram  of  water  dissociated  from  the  clay.     2  H,0  = 
4.01  kilograms. 

For  dissociating  CO,  from  limestone  1,026  calories  per  kilo- 
gram of  COj  are  required.  It  will  be  assumed  that  the  specific 
heat  of  the  mix  is  about  0.25. 

157. 77  —  4.01  =  153.76  X  0. 25  X  900,        .     =  34,596  calories, for  heating. 
4.01X1,218, =  4,882    caloric*     for   dehydrating 

clay. 
122.32  kg.  of  CaG03  =  58.76kg.  CO^  XI, 026  =  55, 157  calories  for  dissociating  lime- 
stone. 

94,635  calories  for  producing  cal- 
cines. 

For  sintering,  the  heat-requirements  are  very  much  less ;  in 
fact,  the  exothermic  reactions  produce  one-third  of  the  heat 
required  for  heating  the  calcines  to  the  sintering-tempera- 
ture.  The  heat  of  combination  of  lime  with  silica  and  alumina 
in  cement  does  not  seem  to  have  been  accurately  determined, 
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but  Le  Chatelier  found  that  in  the  combination  of  3CaO, 
A1,0„  3SiO„  150  calories  were  developed  per  unit  of  A1,0„ 
2SiO„  and  as  the  silica  and  alumina  exist  in  about  that  ratio 
in  the  cement,  their  sum  multiplied  by  150  calories  will  give 
the  heat  produced. 

Clinkering, — ^For  clinkering,  estimating  that  the  calcines  are 
discharged  directly  from  the  primary  kiln  into  the  clinkering- 
kiln  at  900°  C,  and  are  therein  heated  to  1,300*^  C,  a  range  of 
400°  rise  in  temperature,  and  assuming  the  specific  heat  of  the 
calcines  to  be  0.30, 100  X  0.3  X  400  =  12,000  calories  are  neces- 
sary.    Therefore, 

100  X  0.3  X  400  (1,300  -- 900)  =  12,000  calories  absorbed  by  clinker. 
31.46  (SiO,  +  AljO,)  X  l^^O,        =    4,717  calories  produced. 

7,283  calories  absorbed  from  fuel. 

This  represents  slightly  less  than  1  per  cent,  of  fuel  for 
clinkering. 

The  total  heat-units  in  the  clinker  as  discharged  wjDuld  be : 

100  X  0.3  X  1,300  =  39,000  calories.  ^ 

The  above  calculation  represents  the  heat-requirement,  pro- 
vided that  the  combustion-gases  left  the  kilns  cold,  and  that  the 
carbon  dioxide  gas  from  the  limestone  left  the  kiln  at  the 
temperature  of  dissociation. 

Calcining. — Practical  working-tests  with  a  gas-fired  rotary 
kiln,  100  ft.  long  by  6  ft.  in  diameter,  burning  limestone  crushed 
to  0.5-in.  size,  such  limestone  containing  98  per  cent,  of  CaCO,, 
have  shown  that  it  is  safe  to  assume  an  output  of  6  parts  of 
lime  to  1  part  of  good  gas-coal ;  therefore  68.55  kg.  of  lime 
would  require  11.43  kg.  of  fuel,  and  as  there  are  68.55  kg.  of 
lime  in  100  kg.  of  cement,  11.43  kg.  of  coal  would  calcine  all 
of  the  lime  to  produce  100  kg.  of  cement.  There  remains  only 
the  heat-requirement  for  bringing  31.45  kg.  of  SiO,  +  A1,0,  to 
the  temperature  at  which  the  lime  is  formed.  SiO,  +  A1,0,  = 
31.45  kg.  X  0.25  x  900  =  7,076  calories,  which  would  be  equiv- 
alent to  not  more  than  1  kg.  of  coal  per  100  kg.  of  calcines; 
therefore,  an  estimate  of  work  in  the  calcining-kiln  would  be : 

11.43  kg.  of  coal  for  heat  to  produce  68.55  kg.  of  lime. 
1.      kg.  of  coal  for  heat  to  raise  temperature  of  clay. 
0.5    kg.  of  coal  allowance  for  heat-loeses  in  heating  up  clay. 

12.93  kg.  of  coal  per  100  kg.  of  calcines,  or  1  of  coal  to  7  of  calcines. 
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AfiBumiDg  180  tons  to  be  clinkered  per  day  in  one  clinkering- 
kiln,  180  tone  =  180,000  kg.  divided  by  100  =  1,800  kg.,  or  1 
per  cent.  There  remain  39,000  calories  in  the  discharged 
clinker,  and  assuming  that  one-third  of  this  heat  can  be  taken 
np  by  air-currents  and  supplied  to  the  primary  or  calcining- 
kiln,  18,000  calories  would  be  aftbrded,  equivalent  to  1.5  kg.  of 
coal  per  100  kg.  of  calcines,  which,  subtracted  from  12.93  kg. 
of  coal  used  in  calcining,  gives  11.43  kg.,  or  11.43  per  cent., 
of  fuel,  or  1  of  coal  to  8.75  of  calcines. 

Assuming  an  efficiency  of  only  25  per  cent,  in  the  clinkeriug- 
kiln,  or  4  kg.  of  fuel  per  100  kg.  of  calcines,  1,800  kg.  X  4  = 
7,200  kg.  This  would  add  4  per  cent,  to  the  fuel-consumption, 
or  4  kg.  peir  100  to  the  11.43  required  for  calcining  =  15.48  kg. 
per  100,  or  15.43  per  cent.  =  1  of  coal  to  6.48  of  cement. 

A  regenerative  system  such  as  is  shown  by  this  plan  is 
capable  of  utilizing  for  clinkering  84.2  per  cent,  of  the  total 
heat  of  the  gas  produced,  and  the  producer  should  have  an 
efficiency  of  80  per  cent.,  thus  giving  67.36  per  cent,  efficiency 
for  the  combination  of  the  producer  and  kiln,  not  allowing  for 
loss  by  radiation.  I  believe  it  would  be  safe  to  assume  50  per 
cent,  efficiency  for  the  clinkering-kiln  outfit,  allowing  17.36 
per  cent,  for  loss  by  radiation.  If  this  result  should  be  realized, 
the  process  would  yield  7.44  kg.  of  cement  for  each  kilogram 
of  coal  consumed,  based  on  practical  working-tests  with  the 
gas-fired  rotary  kiln  burning  limestone  crushed  to  pass  a  0.5-in. 
ring. 
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The  Giroux  Shaft  at  Kimberly,  Nev. 

BT  G.  EVERARD  ARNOLD,  KIMBRRLY,  NEV. 

(Pittsburg  Meeting,  March.  1910.) 

The  Qiroux  Consolidated  Mines  Co.  is  equipping  a  five-com- 
partment shaft  at  Kimberly,  Nev.,  which  will  serve  the  Alpha 
mine. 

The  depth  of  this  shaft,  January,  1910,  is  968  ft.,  and  of  this 
depth  948  ft.  was  opened  by  raising;  15  ft.  of  sinking  was 
done  so  that  the  bearers,  collar-set,  and  three  shaft-sets  might 
be  installed  and  concreted,  and  with  this  done  it  was  possible 
to  erect  the  necessary  surface-equipment  for  resuming  shaft- 
timbering  on  the  completion  of  the  raise.  The  arrangement  of 
the  shaft-timbering  is  shown  in  Fig.  1. 

At  the  1,000-ft  level  of  the  Alpha,  and  750  ft.  SW.  from  the 
Alpha  shaft,  a  14-  by  18-ft.  station  was  cut,  and  a  25-h-p.  air- 
hoist was  installed.  From  here  the  raising  commenced  on 
July  5,  1909.  The  raise  was  cut  approximately  13  by  21  ft.  in 
area,  and  supported  by  timbering  with  square  sets,  illustrated 
in  Fig.  2,  which  shows  the  division  into  four  compartments. 
The  end  compartments,  which  were  used  as  chutes,  had  the 
center  girts  heavier  than  in  the  others  on  account  of  the  wear 
from  falling  rock.  The  chute-lining  was  braced  by  inserting 
8-  by  8-in.  stiffeners  parallel  to  and  half  way  between  successive 
caps.  Similarly,  the  lagging  on  the  wall  sides  of  the  cage-way 
and  the  compartment  for  pipes  and  ladder  was  stiffened  with 
4-  by  6-in.  timbers.  In  the  pipe-and-ladder  compartment  the 
chute-stiffen ers  were  reinforced  with  8-  by  8-in.  struts,  and  as  the 
cage-way  was  partitioned  off  by  braced  lining,  there  was  practi- 
cally no  chance  of  rock  entering  the  ladder-way  in  case  a  chute 
burst  into  the  cage-way. 

Over  the  two  center  compartments  the  last  two  sets  were 
always  bulkheaded  with  8-  by  12-in.  timbers,  shown  in  Fig.  3, 
and  from  the  lower  bulkhead  the  cage  sheave-wheel  was  sus- 
pended. After  a  round  of  holes  had  been  blasted  and  the  loose 
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ground  picked  down,  the  average  time  required  to  hoist,  plumb, 
and  block  a  set  of  timbers  was  2  hr.,  although  the  operation 
was  occasionally  performed  in  1  hr.  SO  minutes. 
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Fig.  2. — Plan  op  Raise  Timbering. 


When  possible,  the  chutes  were  kept  almost  full  in  order  to 
minimize  the  chances  of  injury  in  case  men  should  happen  to 
fall.     For  the  purpose  of  protecting  the  lower  timbers  of  the 
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chute,  breakers  or  platforms  of  10-  by  10-in.  timber  were  spiked 
on  to  the  girts,  in  the  manner  shown  in  Fig,  4,  at  intervals  of 
seven  sets.    On  these  breakers  the  rock  piled  up  and  formed  its 


BtlffleDet. 


•IXJB 

tlfl^ner 


Lagging 


, — Part  Section  through  Cage- Way  and  Pipe-  and  Ladder- 

GOMPARTMENT  OF  RaISE. 


own  slope.  Trouble  was  often  caused  by  large  rocks  dropping 
into  the  chute,  and  on  reaching  the  gate  these  rocks  would 
have  to  be  drilled  and  blasted  before  they  could  pass  through. 
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Fig. 


4. — Diagram  of  Scheme 


U8ED  FOR  Breaking  Fall  of  Kogk  in 
Chute. 
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The  drilling  was  done  entirely  with  Waugh  stopers,  No.  8  C, 
and  these  machines  proved  remarkably  satisfactory.  Three 
were  used  for  raising  the  entire  distance,  one  being  kept  in 
reserve  in  case  of  accident  to  the  others,  although  all  three 
machines  were  used  on  the  last  75  ft.  of  the  raise.  Each 
machine  wore  out  one  chuck  and  one  tappet,  and  beyond  replac- 
ing these,  no  repairs  were  required. 

The  shaft  is  wholly  in  limestone,  and  for  the  greater  part  the 
ground  was  favorable  for  fast  raising.  Normally,  on  blasting 
a  round  of  36  holes  7  ft.  deep  there  would  be  room  for  a  set  of 
timbers  and  the  back  would  support  itself  well.  Sometimes 
the  ground  was  so  shattered  by  intersecting  slips  that  only  half 
the  round  could  be  blasted  with  safety.  This  procedure  made 
room  for  half  the  set,  which  was  then  blocked  before  the 
remaining  holes  were  blasted  and  the  set  completed.  At  one 
or  two  spots  the  ground  encountered  could  be  removed  with  a 
pick,  and  in  these  cases  each  post  was  placed  as  soon  as  there 
was  room  for  it.  At  125  ft.  from  the  surface  there  was  a  small 
patch  of  ground  so  hard  that  two  rounds  of  40  holes  were 
blasted  before  a  set  could  be  placed. 

Excellent  ventilation  was  maintained  by  using  two  Roots 
pressure-blowers,  size  1,  running  in  tandem.  One  was  placed 
at  the  foot  of  the  raise,  drawing  the  foul  air  through  an  8-in. 
air-pipe  and  delivering  through  an  8-in.  air-pipe  and  a  6-in. 
pump-column  to  the  other  blower,  which  was  above  ground. 

After  the  1,000-ft.  and  770-ft.  Jevels  of  the  Alpha  were  con- 
nected, the  raise  was  served  entirely  from  the  latter  level. 
Three  shifts  were  worked  continuously,  and  180  days  were  re- 
quired to  complete  the  raise,  the  rate  of  advance  being  5.27  ft. 
per  day,  or  158.0  ft.  per  month. 

The  progress  per  month  was:  July,  167;  August,  150;  Sep- 
tember, 133;  October,  143;  November,  165;  December,  190; 
total,  948  ft. 

The  total  cost  of  the  raise  was  |67,508.89,  which  is  at  the 
rate  of  |71.21  per  foot,  distributed  as  follows : 


[5] 


466 


THE   OIROUX   SHAFT   AT   KIMBERLT,  NBV. 


Cost 
Per  Foot 


Baisiiig, 116.69 


Labor:  -I  Tnunming,  . 

Timber  framings 
Blacksmithing,  .... 
Machine-flhop,  .... 
Teaming, 


5.09 
1.76 
1.19 
0.11 
0.64 


Cost 
Per  Foot. 

Air-comprenor, flO.OO 

Supplies, 17.24 

Hoisting, 15.15 

Proportion  of   general    under- 
ground expense,      ....  3.44 

Total, 171.21 


As  the  development  of  the  mine  proceeds,  75  per  cent,  of  the 
timber  used  in  this  raise  will  be  available  for  other  purposes ; 
hence  the  raise  will  eventually  be  credited  with  75  per  cent,  of 
the  cost  of  that  timber;  $10  per  foot  of  raise  represents  the 
timber-cost,  so  that  the  true  cost  of  the  raise  is  $71.21,  less 
$7.50,  or  $68.71  per  foot. 

The  work  was  performed  under  the  direction  of  William 
Hogan,  mine  superintendent,  formerly  of  the  West  Stewart 
mine,  Butte,  Mont. 

I  wish  here  to  express  publicly  my  cordial  thanks  to  Frank 
P.  Mills,  general  manager  of  the  Giroux  Consolidated  Mines 
Co.,  for  his  courtesy  in  furnishing  the  necessary  data  given  in 
this  paper. 
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The  Conditions  of  Accumulation  of  Petroleum 

-in  the  Earth  * 

BY  DAVID  T.   DAY,   WASHINGTON,   D.C. 

(Pittsburg  Meeting,  March,  1910.) 

In  1897  I  published  a  proposed  explanation  ^  for  the  varia- 
tion in  color  and  specific  gravity  of  Pennsylvania  oils.  A 
risumi  of  this  subject  was  also  presented  at  the  First  Interna- 
tional Petroleum  Congress,  in  Paris,  in  1900.  Since  that  time 
much  experimental  work  bearing  upon  this  explanation  has 
been  carried  on  by  myself,  in  the  United  States  Geological 
Survey,  and  under  my  direction,  by  Dr.  J.  Elliott  Gilpin, 
Marshall  P.  Cram,  and  0.  E.  Bransky,  at  the  Johns  Hopkins 
University.  The  experimental  results  thus  accumulated  seem 
to  throw  considerable  additional  light  upon  the  variations  in 
color  and  specific  gravity  of  petroleum,  as  found  in  different 
parts  of  the  world,  and  also  upon  the  variations  in  chemical 
composition.  Therefore,  it  seems  as  if  a  summary  of  the 
evidence  thus  obtained  might  be  of  value  to  those  members  of 
the  Institute  who  are  interested  in  the  examination  of  oil- 
fields.    The  summary  is  here  presented  for  that  purpose. 

The  phenomenon  has  often  been  observed  in  many  oil-fields 
that  oils  of  different  color,  specific  gravity,  and  chemical  com- 
position may  be  found  within  short  distances  of  each  other.  A 
conspicuous  example  of  this  is  the  occurrence  at  Jennings, 
Welsh,  and  Anse  la  Butte,  La.,  of  petroleum  chemically  some- 
what similar  to  Russian  petroleum ;  that  is,  characterized  by 
the  presence  of  naphthenes.  Another  characteristic  is  the 
presence  of  considerable  percentages  of  asphaltic  compounds, 
sufficient  in  quantity  to  disguise  the  presence  of  solid  paraffin 
wax,  and  perhaps  also  to  render  that  paraffin  wax  more  soluble 


*  Published  by  permission  of  the  Director  of  the  United  States  Geological 
Survey. 

*  Proeudinga  of  the  Ameriean  Philosophical  Society  of  PhUadeLphia^  vol.  xzzvi. , 
No.  154,  pp.  112  to  115  (January,  1897). 
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iu  the  oil  than  it  would  be  were  not  these  asphaltic  compoands 
present.  At  Belle  Isle,  La.,  only  40  miles  from  Anse  la  Butte, 
petroleum  is  found  unusually  light  in  color,  about  that  of 
sauterne  wine.  This  petroleum  is  practically  free  from  sul- 
phur, very  much  lighter  in  specific  gravity  than  the  other 
oils,  free  from  asphalt,  and  shows  abundantly  the  presence  of 
paraffin  wax  in  solution.  At  first  glance  the  oils  seem  to  be 
entirely  different,  but  chemical  examination  shows  them  to  be 
as  closely  related  to  Russian  oils  as  are  those  from  Texas,  and 
markedly  different  from  the  oils  of  the  paraffin-hydrocarbon 
series  found  in  Pennsylvania. 

Other  instances  are  noted  of  similar  variations  in  oils  within 
short  distances,  especially  in  Mexico,  as  well  as  in  California, 
Wyoming,  Oklahoma,  Texas,  and  elsewhere.  The  oils  usually, 
however,  contain  some  characteristics  in  common,  which  would 
indicate  that  one  oil  has  been  derived  from  the  other.  In  en- 
deavoring to  express  such  a  genetic  relationship,  it  has  been 
supposed  that  the  dark  oils  have  been  derived  from  the  lighter 
ones  by  evaporation  and  oxidation.  In  the  instance  cited  for 
Louisiana,  this  is  evidently  not  the  case,  since  the  dark  oil  con- 
tains much  material  not  found  in  the  light  oil,  and  which  never 
could  have  been  obtained  from  the  light  oil  by  oxidation.  I 
refer  to  the  considerable  amount  of  sulphur  present  in  the  dark 
oil  and  not  in  the  light  oil.  If  we  add  to  the  light-colored  oil 
sulphur  compounds  and  asphalt  in  appropriate  amount,  the  dark 
oil  is  practically  reproduced.  That  the  dark  oil  is  not  an  evapo- 
ration-product from  the  light  oil  is  shown  by  the  fact  that  it 
contains  hydrocarbons  as  volatile  as  those  of  the  light-colored 
oils,  though  not  in  so  great  a  quantity.  The  proportions  of  the 
hydrocarbons  present  do  not  admit  of  working  out  any  prob- 
able process  of  evaporation  which  would  take  out  some  of  the 
heavier  constituents  of  the  light  oil  and  leave  the  percentages 
of  very  volatile  ingredients  which  are  found.  There  is,  how- 
ever, no  evidence  that  the  light  oil  may  not  have  been  obtained 
by  some  process  from  the  darker  oil,  and  long  ago  the  ex- 
planation was  offered  that  the  lighter-colored  oil  was  produced 
by  some  process  of  distillation  from  the  darker  oil.  This  ex- 
planation is  practically  impossible,  inasmuch  as  the  light  oil 
contains  heavy  paraffin  wax,  and  oils  with  high  boiling-points, 
while  the  dark  oil  also  contains  volatile  oils,  which  would  have 
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dietilled  off  long  before  some  of  the  oils  found  in  the  light- 
colored  material. 

If  there  is  a  relation  between  these  two  oils,  some  change  has 
taken  place  by  which  oils  in  solution  in  the  dark,  more  com- 
plex oil,  have  been  left  behind,  while  other  ingredients  of  the 
dark  oil  have  been  separated  to  form  the  light-colored  product. 

In  my  paper  I  referred  to  the  observation  made  in  a  vaseline 
factory,  that  when  a  black  oil  containing  some  pitchy  material, 
very  black  in  color  and  semi-solid  in  consistency,  is  heated  so 
as  to  be  perfectly  fluid  and  is  then  allowed  to  difiuse  slowly 
through  dry  fuller's  earth,  the  first  diffusion-product  is  lighter  in 
specific  gravity  than  the  original  material.  It  is  perfectly  color- 
less, and  remains  entirely  liquid  at  the  ordinary  temperature. 
On  experimenting  with  this  material,  it  was  evident  that  the 
lighter  .oils  contained  in  the  original  materials  difiused  more 
rapidly  through  the  fuller's  earth — -just  as  hydrogen  will  diffuse 
through  a  porous  medium  more  easily  than  oxygen  will,  and 
therefore  separates  itself  from  oxygen.  The  idea  occurred  that 
crude  oils  in  traversing  dry,  fine-grained  shales  in  the  earth 
might  also  diffuse  with  unequal  rapidity,  resulting  in  differen- 
tial diffusion  of  the  products ;  that  is,  fractionation  by  diffusion. 
Experiments  clearly  showed  this  to  be  the  case  with  specimens 
of  dried  Devonian  shale  from  Pennsylvania. 

Clifford  Richardson '  applied  this  experiment  to  Texas  oil,  and 
found  that  sulphur  compounds  in  that  oil  are  left  entirely  behind 
by  failing  to  diffuse  into  fuller's  earth. 

A  long  series  of  experiments  undertaken  in  the  U.  8.  Geo- 
logical Survey  showed  that  when  a  glass  tube  is  packed  tightly 
with  dry  fuller's  earth,  and  one  end  is  allowed  to  stand  for  one 
or  two  days  in  crude  petroleum,  the  oil  diffusing  up  through 
the  clay  fractionates  to  a  considerable  extent.  Thufe,  when  the 
upper  fifth  portion  of  the  clay  is  dropped  into  water,  a  lighter- 
gravity  oil  is  driven  out  by  the  water.  This  first  fraction  is 
entirely  colorless.  The  lower  fractions  are  heavier  and  more 
and  more  highly  colored.  The  bottom  section  may  be  almost 
solid,  and  is  darker  in  color  than  the  original  oil.  The  upper 
portion,  although  lighter,  yields  on  fractionation  some  heavier 
oils  and  even  paraffin  wax,  but  the  proportion  of  lighter  oils  is 


*  Journal  of  the  Society  of  Chemical  Industry ^  vol.  zzi.,  No.  5,  pp.  316  to  317 
(Mar.  15,  1902). 

[3] 


470  ACCUMULATION   OF   PETROLEUM   IN   THE   EARTH. 

greater  than  in  the  original  and  much  greater  than  in  the 
lowest  sample.  A  fractionation  by  diftusion  has  been  effected, 
which  is  similar  to  fractionation  by  distillation,  but  is  not  so 
complete. 

It  haft  since  been  shown  by  Dr.  C.  Engler*  that  no  chemical 
change  is  effected  in  this  process,  but  merely  a  mechanical 
separation  of  liquids  from  liquids. 

It  should  be  noted  that  when  the  clay  saturated  with  oil  is 
stirred  with  water  in  order  to  drive  out  the  oil  by  water, 
another  partial  fractionation  is  effected.  The  heaviest  oil  re- 
mains in  the  clay  with  the  water  to  the  extent  of  a  third  or  a 
fourth  of  the  entire  oil,  while  the  rest  leaves  the  clay. 

Another  interesting  feature  of  this  diffusion  is  that  the  oil 
will  not  only  rise  to  a  height  of  5  or  6  ft.,  for  example,  in  a  tube 
packed  with  fuller's  earth,  directly  against  gravity,  just  as  it 
does  in  a  wick,  but  if  the  tube  be  sealed  at  the  upper  end  the 
oil  will  still  rise  in  the  tube,  driving  out  the  air  in  the  pores  of 
the  earth  and  compressing  it  in  the  upper  portion  of  the  tube 
with  a  pressure  sufficient  to  blow  out  the  clay  if  the  top  of  the 
tube  be  suddenly  broken  off  and  the  air  thus  released.  This 
effect  of  capillarity  seems  to  produce  pressures  similar  to  those 
obtained  in  measuring  osmotic  pressure — which  have  been 
carried  to  about  40  atmospheres.  The  most  common  pressures 
found  in  oil-  or  gas-wells  in  Pennsylvania  and  West  Virginia 
agree  strikingly  well,  although  occasional  natural-gas  wells  of 
much  higher  pressure  have  been  reported. 

As  stated  above,  water  drives  the  greater  part  of  the  oil  out 
of  the  clay,  though  not  all.  Conversely,  oil  will  not  enter  wet 
or  even  moist  clay.  In  fact,  it  has  already  been  pointed  out  by 
me  as  well  as  by  L.  Mrazec,  Director  of  the  Geological  Survey 
of  Roumania,  that  wet,  porous  rocks  are  the  most  impervious 
cap-rocks  for  oil,  so  long  as  they  do  not  have  cleavage-planes 
in  which  the  space  is  greater  than  capillary. 

The  size  of  the  capillaries  is  of  great  consequence  in  these 
diffusion  phenomena.  Finely-divided  material,  such  as  amorph- 
ous silica,  has  no  observable  fractional ng-power  on  oils  that 
are  readily  fractionated  by  dry  clays.  Naturally,  ordinary 
sands  neither  fractionate  nor  do  they  allow  water  to  drive  out 


ZeiUehrifiJur  angewandte  Chemie,  vol.  xiv.,  No.  36,  p.  889  (Sept.  3,  1901). 
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oil  from  them  with  the  same  pressure  phenomena  as  are  shown 
in  clays. 

From  these  phenomena  it  is  easy  to  derive  a  probable  method 
of  accumulation  of  oils  in  the  sandstones  of  Pennsylvania,  if  we 
only  assume  that  dark-colored  oil  (possibly  containing  sulphur 
and  asphalt)  entered  shales  varying  in  fractionating-power,  due 
to  varying  porosity  or  moisture.  By  this  means  the  oil  would 
remain  absorbed  in  the  shales  without  forming  an  available 
pool  until  the  entrance  of  water  from  any  direction  had  the 
effect  of  driving  the  oil  to  such  places  where  the  expelling 
action  of  water  is  the  slightest;  that  is,  in  the  sandstone  layers 
between  the  layers  of  shale.  Considering  the  vastly  greater 
power  of  capillary  action  over  gravity,  it  makes  no  difference 
whatever  whether  the  water  drives  the  oil  up  or  down.  It  will 
expel  the  oil  with  greater  or  less  pressure  upon  the  contained 
natural  gas,  until  there  is  formed  a  pool  of  oil  of  light  or  dark 
color  and  under  greater  or  less  pressure  compared  with  adjoin- 
ing pools,  where  the  conditions  vary  with  the  character  of  the 
shales,  which  vary  in  moisture  and  porosity  from  one  acre  to 
another. 

The  age  of  the  shale  has  nothing  to  do  with  the  accumula. 
tion  process,  provided  that  the  shale  has  had  time  enough  to 
lose  sufficient  original  water  to  admit  the  oil. 

Obviously,  the  locus  of  the  oil  pool  will  be  a  layer  of  sand- 
stone, because  water  has  least  power  for  driving  it  out  where 
the  capillaries  are  large.  If,  on  the  other  side  of  the  sandstone, 
the  shale  is  dry,  the  oil  is  absorbed  and  dispersed  until  it  reaches 
the  surface  or  is  hemmed  in  by  wet  shale  which  it  cannot  enter, 
for  the  same  reason  that  it  cannot  re-enter  the  shale  from  which 
it  has  just  been  driven  by  water.  There  the  oil  must  accumu- 
late. How  long  can  it  remain  there  ?  Indefinitely  ?  I  think 
not;  for  the  driest  shale  was  once  mud,  and  if  by  slow  process 
the  shale  does  not  become  too  dry  to  hem  in  the  oil,  it  has  all 
the  chances  in  favor  of  the  formation  of  minute  cracks,  which 
are  n,ot  oil-tight.  These  cracks  are  not  oil-tight  unless  abso- 
lutely sealed  with  water. 

It  seems  very  improbable  that  oil  could  have  existed  since 
Devonian  time  in  the  present  pools. 

These  diffusion  phenomena  make  much  more  probable  the 
proposition  advanced  many  years  ago  by  Dr.  John  N.  Mac- 
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Oonigle,  of  Oil  City,  that  the  oils  are  the  same  as  the  Ordovi- 
cian  limestone  oils  of  Ohio,  with  the  sulphur  removed  by 
diffusion. 

One  further  observation.  It  was  found  in  my  early  work, 
which  has  since  been  verified  by  a  long  series  of  quantitative 
experiments  by  Gilpin  and  Cram  at  Johns  Hopkins  University,* 
and  again  by  Herr,^  in  Russia,  that  unsaturated  hydrocarbons 
are  less  diffusible  than  saturated  hydrocarbons  even  when  less 
viscous  than  the  saturated  ones,  and  hence  they  are  left  behind. 
This  seems  to  explain  very  satisfactorily  the  fact  that  these 
diffused  oils  of  Pennsylvania  are  practically  entirely  saturated 
oils,  in  strong  contrast  to  the  undiffused  oils  of  California,  and 
many  other  pools  in  the  United  States. 

«  Bulletin  No.  365,  U.  S,  Qedogical  Survey,  p.  26  ( 1908). 
^  Petroleuniy  p.  1284  (August,  1909). 
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Recent  Progress  in  Blast- Roasting. 

BT  PROF.   H.  O.  HOFMAN,  BOSTON,  MASS. 
(Canal  Zone  Meeting,  November,  1910.) 

I.  Introduction. 

The  substance  of  this  paper  was  prepared  for  the  Seventh  In- 
ternational Congress  of  Applied  Chemistry,  held  in  London, 
May,  1909,  under  the  title.  Some  Developments  in  Blast-Roast- 
ing. In  the  absence  of  the  author,  a  short  abstract  of  the  paper 
was  read,  and  the  abstract  only  will  appear  in  the  proceedings 
of  the  congress.  The  present  paper  has  been  partly  rewritten 
and  considerably  enlarged  by  information  gained  since  the 
original  was  prepared ;  also  some  illustrations  have  been  added. 

Blast-roasting  *  is  a  generic  term  for  the  process  of  forcing 
air  through  finely-divided  metallic  sulphide  with  the  object  of 
roasting  and  agglomerating  in  a  single  operation.  At  first  the 
process  was  confined  to  a  galena-concentrate ;  lime,  limestone, 
or  gypsum  was  added,  to  serve  both  as  a  diluent  to  keep  sepa- 
rate the  particles  of  galena  that  they  might  be  thoroughly  oxi- 
dized, and  as  a  fiux  that  the  partly-roasted  ore  might  be  agglom- 
erated by  the  formation  of  some  slag.  Later  it  was  extended 
to  treat  other  metallic  sulphides. 

The  leading  processes  were  the  Huntington-Heberlein  and 
the  Savelsberg  of  Europe,  and  the  Carmichael-Bradford  of 
Australia.  In  the  United  States  and  Canada,  the  Huntington- 
Heberlein  process  has  found  application  in  some  instances  with 
galena-concentrates,  for  which  it  was  originally  intended ;  but 
this  class  of  ore  is  not  often  treated  alone,  hence  the  process 
has  had  to  be  modified  to  suit  conditions.  The  Savelsberg  pro- 
cess has  been  transplanted  to  this  country  in  about  its  original 
form.  The  Carmichael-Bradford  is  not  used  at  present.  The 
changes  called  for  in  the  Huntington-Heberlein  process  to  adapt 
it  to  the  class  of  lead-bearing  ores  usually  smelted  have  been  the 


'  A.  S.  Dwight,  Engineering  and  Mining  Journal,  vol.  Izzzv.,  No.  13,  p.   649 
(Mar.  28,  1908). 
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cause  of  extending  the  operation  of  blast-roasting  to  other  sul- 
phides, especially  to  concentrates  of  sulphide  copper-ores  and 
to  fines  of  sulphide  copper-nickel  ores,  to  prepare  them  for 
blast-furnace  treatment.  Thus  an  entirely  new  field  has  been 
opened  up  for  the  new  manner  of  eliminating  sulphur  and  sin- 
tering the  roasted  product.  With  it,  methods  and  apparatus 
have  come  into  use  for  obtaining  a  desulphurized  porous  clinker 
which  are  improvements  upon  those  used  originally  in  the  three 
processes. 

It  is  convenient  to  distinguish  between  the  up-draft  and  the 
down-draft  apparatus.  Of  the  former,  the  various  forms  of  the 
Huntington-Heberlein  pot  are  typical ;  of  the  latter,  the  Dwight- 
Lloyd  roasting-machine  is  the  sole  representative  found  at 
present  in  smelting-plants.  The  object  of  the  present  paper  is 
to  pass  in  review  the  present  practice  of  blast-roasting  in  the 
United  States  and  Canada  by  citing  a  few  characteristic  exam- 
ples with  the  leading  technical  facts ;  the  data  have  been  ob- 
tained in  part  from  the  technical  literature,  but  mostly,  how- 
ever, from  the  representatives  of  the  works. 

n.   Up-Draft  Blast-Roasting  Apparatus. 

1.  The  Huntington-Heberlein  Process. — This  process,  in  a  form 
approaching  the  original,  is  in  operation  at  three  plants  in 
British  Columbia.*  The  works  of  the  Consolidated  Mining  k 
Smelting  Co.  of  Canada,  Ltd.,  at  Trail,*  are  the  most  important. 
Here  the  Huntington-Heberlein  plant  was  installed  in  1906  and 
enlarged  in  1907-08 ;  it  consists  of  eight  Huntington-Heberlein 
mechanical  roasting-furnaces  and  24  converting-pots.  A  roast- 
ing-furnace  has  a  hearth  26  ft.  in  diameter,  which  makes  1  revo- 
lution in  3  min.,  and  requires  from  2^  to  3  h-p.  to  run  it. 
There  is  one  fire-box,  6  by  3  ft.  in  area.  The  angle  of  the 
blades  in  the  stationary  rake,  and  the  rate  of  feeding,  are  so 
regulated  that  the  thickness  of  ore  on  the  hearth  is  from  4  to 
5  in.  The  ore  is  a  concentrate,  which  consists  mainly  of  galena, 
but  contains  some  pyrite  and  blende ;  an  average  assay  shows 

*  W.  R.  Ingallfl,  Report  of  the,  Commission  Appointed  to  Investigate  the  Zinc  Re- 
sources of  British  Columbia Mines  Branch,    Department  of  the  Interior, 

Ottawa,  p.  64  (1906).     H.  O.  Hofman,  Mineral  Industry^  vol.  xv.,  p.  531  (1906.) 

'  Communication  by  J.  Sabarthe,  Manager.  Papers  by  A.  J.  McNab,  Journal 
of  the  Canadian  Mining  Institute^  vol.  xii.,  p.  424  (1909),  and  L.  A.  Palmer, 
Mines  and  Minerals,  vul.  xzx.,  No.  8,  p.  496  (Mar.,  1910). 
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8iO„  28;  Fe,  6;  Pb,  56;  S,  15  per  cent.;  some  Cu;  Ag,  65  oz. 
per  ton.  The  charge  is  so  made  up  that  it  will  work  well  not 
only  in  the  preliminary  reverberatory-roast,  but  also  in  the 
blast-roast  and  in  the  smelting  in  the  blast-furnace.  Under 
normal  conditions,  the  reverberatory  roaster-charge  is  com- 
pounded so  as  to  contain  Pb,  40  to  44;  Pe,  10  to  18;  SiO„  8 
to  11;  CaO,  7  to  10;  and  Zn,  less  than  10  per  cent.  When 
roasted  and  converted,  the  mixture  will  give  a  fairly  hard  and 
dense  clinker  of  a  yellow  to  grayish-yellow  color  that  is  not  too 
tough  to  be  readily  broken  to  the  required  size ;  it  will  also 
make  a  small  amount  of  fines.  Charges  containing  more  than 
45  per  cent,  of  lead  have  not  proved  entirely  satisfactory,  since 
the  percentage  of  residual  sulphur  is  found  to  be  too  high ;  the 
cause  for  which  appears  to  be  that  some  galena  fuses  before  it 
is  roasted.  However,  it  is  believed  that  by  using  a  mechanical 
mixer  to  bring  the  components  of  the  charge  into  closer  con- 
tact, a  lead-content  even  higher  than  45  per  cent,  will  be  per- 
missible. The  lowest  percentage  of  lead  in  the  roaster-charge 
tried  so  far  has  been  38 ;  and  this  has  proved  to  be  more  satis- 
factory than  42,  since  it  permits  a  faster  sintering  and  gives 
less  trouble ;  it  is  believed  that  under  the  given  condition,  a 
charge  with  from  38  to  40  per  cent,  of  lead  will  fill  all  require- 
ments. 

As  to  the  relation  of  iron  and  silica,  experience  has  shown 
that  the  percentage  of  iron  (Fe)  ought  to  be  at  least  equal  to 
that  of  the  silica,  and  that  the  charge  works  more  satisfactorily 
if  the  percentage  of  iron  exceeds  that  of  silica  by  1  or  2  per 
cent.  When  the  reverse  condition  obtains  there  is  always  trouble 
in  the  blast-furnace,  even  if  the  elimination  of  sulphur  remain 
the  same,  since  the  tonnage  is  diminished,  the  slags  become 
richer  in  lead,  and  the  heat  creeps  up  in  the  shaft. 

The  amount  of  lime  in  the  charge  is  allowed  to  range  from 
7  to  10  per  cent. ;  it  usually  varies  from  8  to  9  per  cent.  With 
less  than  7  per  cent.,  the  results  have  been  unsatisfactory.  How- 
ever, if  with  less  than  7. per  cent,  of  lime  the  total  of  iron  and 
lime  is  kept  about  the  same  and  the  lead  is  held  at  42  per  cent., 
it  is  believed  that  the  mixture  will  be  as  satisfactory  as  the  one 
usually  made.  One  disadvantage  of  a  low  lime-content  is  that 
the  blast-roasted  material  is  extremely  tough.  No  charges  have 
been  run  that  exceeded  10  per  cent,  of  CaO. 
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In  rough-roasting,  the  ore  passes  through  the  furnace  in  1  hr. 
45  min. ;  the  furnace  puts  through  in  24  hr.  from  88  to  45  tons 
of  charge  with  a  fuel-consumption  of  150  lb.  of  coal  per  ton  of 
ore,  and  an  attendance  per  shift  of  one-fourth  of  the  time  of  a 
fireman  and  one-half  of  the  time  of  a  wheeler;  the  rough- 
roasted  ore  retains  about  7  per  cent  of  sulphide  and  1.5  per 
cent,  of  sulphate  sulphur.  Experience  has  shown  that  for  a 
good  desulphurization  in  the  converting-pots  the  ore  discharged 
from  the  reverberatory  furnace  should  not  contain  more  than 
9  per  cent,  of  sulphur. 

The  temperature  must  be  carefully  regulated ;  if  too  low,  the 
elimination  of  sulphur  decreases ;  if  too  high,  the  furnace  will 
rapidly  become  incrusted.  K  roasted  properly  the  ore  has 
been  changed  into  sintered  globules,  in  which  none  of  the 
original  constituents  are  discernible. 

The  elimination  of  about  one-half  of  the  sulphur  in  this  rough- 
roasting  operation  is  large  as  compared  to  the  small  amounts 
oxidized  when  a  galenarconcentrate  low  in  other  sulphides  is 
being  treated.  Thus  Guillemain  *  has  shown  that  in  roasting  a 
pure  galena-concentrate  with  a  siliceous  gangue,  lead  sulphide 
is  mainly  converted  into  sulphate,  and  the  main  object  of  rough- 
roasting  such  a  concentrate  previous  to  treatment  in  a  convert- 
ing-pot is  to  reduce  its  calorific  value  by  changing  part  of  the 
sulphide  sulphur  to  sulphate  sulphur,  and  thus  counteract  any 
premature  fusion  of  the  charge. 

The  converting-pot  is  8  ft.  8.5  in.  in  diameter  and  4  ft.  2  in. 
deep.  The  grating  is  made  up  of  four  sectoral  perforated  cast- 
iron  plates,  which  are  bolted  together ;  these  sections  are  pref- 
erable to  a  single  casting,  as  they  do  not  crack  so  easily  because 
a  change  in  size,  due  to  expansion  and  contraction,  is  taken  up 
in  the  joints.  Cast-steel  as  a  material  for  the  grating  has  not 
proved  satisfactory,  since  it  buckles  when  heated.  A  pot  takes 
a  charge  of  from  12  to  15  tons;  an  analysis  of  such  a  charge 
gave  SiO„  10.5;  Fe,  10.8;  Pb,  42.0;  Cu,  1.8;  8,8.5;  H ,0,  8 
per  cent,  and  Ag,  55  oz.  per  ton.  The  water-content  of  the 
analysis  is  exceptionally  high ;  usually  it  is  nearer  5  per  cent. 
The  roasted  ore  is  discharged  from  the  furnace  into  the  boot 
of  an  elevator,  which  delivers  it  through  a  spray  of  water  into 

*  H.  O.  Hofmao,  Mineral  Industry,  vol.  xiy.,  p.  404  (1906.) 
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a  brick  bin,  from  which  it  is  conveyed  in  cars  to  the  iron  hop- 
pers of  the  converting-pots.  In  operating  a  pot,  some  slabs  of 
wood  are  placed  in  the  converter  with  a  shovelful  of  glowing 
coals,  a  gentle  blast  is  turned  on  until  the  wood  burns  freely, 
and  then  the  charge  is  dropped  through  the  hopper  in  the  roof. 
The  volume  of  blast  is  now  increased  so  as  to  show  a  pressure 
of  from  6  to  8  oz. ;  it  is  then  gradually  reduced  until,  towards 
the  end  of  the  blow,  it  has  decreased  to  2  oz.,  when  the  fire  will 
have  reached  the  surface  of  the  charge.  A  charge  is  blown  in 
8  hr. ;  95  per  cent,  of  the  material  is  in  lump-form,  leaving 
only  5  per  cent,  to  be  re-treated.  An  average  assay  of  the  coarse 
product  shows  Pb  and  Cu,  44;  S,  3  per  cent,  and  Ag,  60  oz. 
per  ton.  Since  the  introduction  of  the  Huntington-Heberlein 
process,  the  lead-content  of  the  blast-furnace  charge  has  been 
considerably  increased  above  the  former  standard,  reaching  40 
per  cent,  of  the  weight  of  the  charge  (ore  plus  fiux).  A  charge 
averages  85  per  cent,  of  blast-roasted  material,  the  rest  being 
some  oxide  lead-ore,  siliceous  ore,  limestone,  and  foul  slag.  A 
furnace,  45  by  160  in.  at  the  tuyere-section,  smelts  daily  170 
tons  ore  (not  charge),  and  produces  from  60  to  70  tons  of  lead- 
bullion. 

An  interesting  development  of  blast-roasting  at  this  plant  is 
the  treatment  of  the  regular  lead  blast-furnace  matte,  which  con- 
tains Pb  up  to  25,  and  Cu,  from  8  to  10  per  cent.  'The  matte 
is  granulated  while  it  is  being  tapped  from  the  fore-hearth, 
rough-roasted  in  an  O'Hara  or  a  Godfrey  mechanical  reverbera- 
tory  furnace,  whereby  the  sulphur-content  is  reduced  to  12  per 
cent.,  the  roasted  matte  moistened  and  blown  in  a  Huntington- 
Heberlein  pot,  which  usually  lowers  the  sulphur-content  to  3 
per  cent.,  occasionally  to  1  per  cent.,  and  furnishes  a  basic  ma- 
terial to  be  smelted  with  siliceous  ore  for  a  matte  with  about 
42  per  cent-of  copper.  Low-grade  copper-matte  with  Cu,  15; 
S,  27 ;  and  Fe,  56  per  cent,  is  treated  in  a  similar  manner. 

A  cake  of  blast-roasted  matte  is  usually  tough  and  therefore 
hard  to  break.  At  one  plant  in  the  United  States  this  difficulty 
is  in  part  remedied  by  spreading  a  layer  of  lime  when  half  of 
the  matte-charge  has  been  dumped  into  the  pot,  and  then  cover- 
ing it  with  the  other  half.  This  layer  forms  a  division-plane 
along  which  the  blast-roasted  matte  separates  when  it  is  dis- 
charged from  the  pot, 
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In  many  instances,  blast-roasting  of  crashed  lead-matte  has 
been  a  failure  at  the  start.  The  question  whether  granules  and 
angular  grains  behave  differently  in  the  process  has  not  been 
satisfactorily  answered  so  far.  However,  several  plants  using 
the  Huntington-Heberlein  pots  have  succeeded  in  obtaining 
satisfactory  results  with  matte.  It  thus  appears  that  the  diffi- 
culties encountered  at  first  have  been  overcome. 

The  American  Smelting  &  Refining  Co.,  which  owns  the 
patents  of  the  Huntington-Heberlein  process  for  the  United 
States,  has  introduced  this  method  of  blast-roasting  in  all  of 
its  lead-smelting  plants,  but  with  modifications  necessitated  by 
local  conditions. 

In  treating  a  galena-concentrate,  the  mode  of  operating  is 
comparatively  simple,  as  the  presence  of  a  large  amount  of 
oxidized  lead  makes  the  scorification  of  the  gangue  relatively 
easy.   Thus  at  East  Helena,  Mont.,^  the  leading  ore  is  a  galena- 
concentrate  from    the   Coeur   d'Alene   district,  Idaho,  which 
assays  •  from  47  to  55  per  cent,  of  lead  and  forms  an  easy 
charge  for  the  12  converter-pots  which  are  in  operation   at 
present.     When,  however,  charges  are  to  be  treated  in  which 
the  lead-content  is  not  to  exceed  20  per  cent.,  the  matter  as- 
sumes a  different  aspect,  as  besides  a  correct  chemical  composi- 
tion of  the  mixture,  its  physical  character  becomes  of  decided 
importance.     Thus,  as  a  rule,  a  considerable  amount  of  syste- 
matic experimenting  becomes  necessary  before  a  suitable  charge 
is  obtained;  it  also  takes  some  time  before  the  required  experi- 
ence has  been  gained  to  know  how  to  handle  a  given  charge. 
Further,  in  a   custom  plant  which  treats  ores  from  different 
sections  of  the  country,  the  character  of  the  ores  received  often 
undergoes  changes  sufliciently  great  to  affect  the  result  of 
blast-roasting,  the  percentage  of  sulphur  eliminated  becom- 
ing too  small,  or  the  amount   of  fines  produced  too  large. 
Hence  the  working  of  the  Huntington-Heberlein  process  be- 
comes complicated  and  is  not  always  attended  by  uniform 
results. 

The  practice  at  the  different  works  of  the  American  Smelt- 
ing &  Refining  Co.  is  not  the  same.    The  Murray  plant,  near 


^  Engineering  and  Mining  Journal^  vol.  Ixzzvii.,  No.  7,  p.  350  (Feb.  13,  1909). 
•  J.  P.  Rowe,  Mining  World,  vol.  xxx.,  No.  10,  p.  428  (Mar.  6,  1909). 
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Salt  Lake  City,  Utah/  built  in  1901,  is  the  largest  lead-smeltery 
of  the  company.  The  introduction  of  the  Huntington-Heber- 
lein  process  in  1905  has  changed  the  character  of  the  blast- 
furnace work  to  this  extent,  that  a  furnace,  48  by  168  in.  at  the 
tuyere-section,  using  from  12  to  15  per  cent,  of  blast- roasted  ore, 
puts  through  200  tons  of  charge  in  24  hr.  instead  of  160  tons, 
and  that  the  charge  contains  a  larger  percentage  of  ore  than 
formerly.  The  plant  contains  five  Godfrey  mechanical  roasters, 
26  ft.  in  diameter,  which  work  on  the  same  principle  as  the 
Huntington-Heberlein  roasting-furnaces,  noted  above.  A  roaster 
puts  through  in  24  hr.  about  30  tons  of  ore  containing  from 
18  to  25  per  cent,  of  sulphur  and  reduces  the  sulphur-con- 
tent to  from  8  to  12  per  cent.,  with  an  outlay  of  about  130  lb. 
of  coal  per  ton  of  ore.  The  14  Huntington-Heberlein  pots  of 
standard  size,  9  ft.  in  diameter,  are  placed  in  a  single  row  and 
are  served  by  a  30-ton  overhead  electric  traveling-crane ;  there 
is  room  on  the  opposite  side  of  the  building  for  a  second  row 
of  14  pots.  A  pot  receives  a  charge  of  about  9  tons,  and  treats 
it  on  the  average  in  12  hr.  A  charge  is  made  up  of  raw  ore 
(S,  high;  SiO„  40;  FeO,  20  per. cent.)  and  roasted  ore  (S,  8  to 
12 ;  SiOj,  10 ;  FeO,  20  per  cent.)  in  proportions  to  keep  the 
lead  between  18  and  20,  the  zinc  under  10,  and  the  sulphur 
between  16  and  20  per  cent.  In  charging,  there  is  first  given 
a  layer  of  ashes  to  protect  the  grate,  this  is  followed  by  about 
1  ton  of  hot  roasted  ore  containing  about  8  per  cent,  of  sulphur, 
then  comes  another  ton  of  similar  ore  with  about  12  per  cent, 
of  sulphur,  and  lastly  7  tons  of  moistened  mixture  of  raw  and 
roasted  ore,  the  water  added  being  sufiicient  in  amount  to 
cause  the  particles  to  cohere  when  squeezed  in  the  hand.  The 
blast-pressure  reaches  25  oz.  and  the  sulphur-content  is  reduced 
to  4  per  cent.  The  top  of  a  blown  charge  is  always  made  up 
of  imperfectly  desulphurized  powdery  material,  which  goes  into 
another  pot  beneath  the  moistened  ore-mixture.  A  blown  pot 
is  raised  by  means  of  the  overhead  crane,  tilted  to  pour  off  the 
dusty  fines,  transferred  to  the  breaking-platform  at  one  end  of 
the  building,  inverted,  and  the  solid  cake  dumped  on  to  conical 

^  W.  R  Ingalls,  Engineering  and  Mining  Journal,  vol.  Ixxxiv.,  No.  12,  p.  527 
(Sept  21,  1907)  ;  No.  13,  p.  575  (Sept.  28,  1907).  R  B.  Brinsmade,  Mines  and 
MineraUf  vol.  xxviii.,  No.  5,  p.  216  (Dec.,  1907).  H.  O.  Hofman,  Mineral  Industry, 
vol  xvi.,  p.  666  (1907). 
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castings  placed  on  the  floor,  which  is  laid  with  closely-set  rails; 
large  pieces  are  raised  by  means  of  the  crane  and  dropped 
again ;  smaller  ones  go  direct  to  a  10-  by  20-in.  Blake  crusher, 
which  discharges  on  to  a  conveyor. 

The  usual  Huntington-Heberlein  pot  is  9  ft.  in  diameter  and 
4  ft.  6  in.  deep.  It  is  a  single  casting,  which  has  in  the 
bottom  an  air-pipe  5  in.  in  diameter;  the  height  of  the  sectoral 
grate  is  15  in. ;  the  conical  holes  in  the  four,  six,  or  even  eight 
sections  which  make  up  the  grate  are  |  in.  in  diameter.  There 
is  a  tendency  to  improve  upon  the  established  form  and  thus  do 
away  with  imperfections  discovered  in  practice.  The  modern 
form  of  pot  is  larger  and  shallower  than  the  older ;  a  pot  is  11 
ft.  in  diameter  and  3  ft.  deep  to  top  of  grate,  and  takes  15  tons  of 
a  50-per  cent,  lead  charge  instead  of  8  or  9  tons.  It  is  cast  in 
four  flanged  sections,  which  are  bolted  together,  and  the  bowl 
thus  formed  is  bolted  to  a  very  flat  bottom,  the  joints  being 
made  tight  by  an  asbestos-cord  packing.  The  life  of  a  kettle 
is  greatly  increased  by  using  sectional  casting,  a  pot  cast  singly 
often  cracking  in  the  most  unexpected  manner. 

The  manipulation  of  the  pots  at  the  Murray  plant  is  a  great 
improvement  upon  the  older  method  of  dumping  by  means  of 
worm-gear  or  lever. 

The  charging  arrangements  have  also  been  brought  up  to 
modern  standards  of  mechanical  handling  of  materials. 

2.  The  Savelsberg  Process. — This  process  is  used  by  the  St. 
Joseph  Lead  Co.,  Flat  River,  Mo.,^  for  desulphurizing  and 
agglomerating  a  non-argentiferous  galeua-concentrate  resulting 
from  the  dressing  of  ore  which  occurs  in  dolomitic  limestone. 
There  are  in  operation  18  pots,  placed  in  two  rows.  A  pot  is 
8.5  ft.  in  diameter  and  4.5  ft.  deep;  it  treats  in  from  10  to  12 
hr.  a  charge  of  10  tons  of  a  mixture  having  the  following  com- 
position :  SiO„  18.12;  FeO,  5.90;  CaO,  6.60;  MgO,  8.30;  Pb, 
47.40 ;  Zn,  2.10 ;  S,  11.20 ;  and  H,0, 6.00  per  cent.  The  mixing 
of  the  charge  is  done  mechanically  ^ ;  the  charge  is  delivered  by 
a  conveyor-belt  to  the  boot  of  an  elevator,  which  discharges 
into  a  bin  above  the  charging-floor,  from  which  the  pots  are 
filled  by  hand.  The  blast-pressure  in  the  converting-pot  is  10 
oz.  at  the  start,  it  is  raised  to  20  oz.  during  the  blow,  and  in- 

*  Communication  bj  O.  M.  Bilharz,  Consulting  Engineer. 

*  Engineering  and  Mining  Journal^  vol.  Ixzzix.,  No.  13,  p.  648  (Mar.  26,  1910). 
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creased  to  25  oz.  towards  the  end;  the  amount  of  air  used  is* 
from  1,000  to  1,500  cu.  ft.  per  min.  The  finished  charge  contains 
from  10  to  15  per  cent,  of  fines,  which  have  to  be  re-treated. 
The  solid  cake  is  dumped  and  broken  by  hand.  An  analysis 
of  the  broken  material  is  SiO„  17.20;  PeO,  9.00;  CaO,  7.00; 
MgO,  4.00;  Pb,  44.20;  Zn,  3.80;  and  S,  2.30  per  cent. 

3.  Other  Processes. — At  the  Tintic  Smelter,  near  Salt  Lake 
City,  Utah,*^  F.  G.  Kelley  has  substituted  for  the  hemispherical 
pot  a  tilting  tray-shaped  steel  vessel,  8  ft.  long  by  4  ft.  wide  by 
14  in.  deep,  which  holds  a  grate  with  |-in.  holes  and  ribs  to 
form  sections  12  by  14  in.  There  is  an  under-grate  blast  and  a 
movable  hood.  The  tray  receives,  as  a  primer,  500  lb.  of  rough- 
roasted  sulphide  ore,  and  as  a  charge  3,000  lb.  of  mixed  sul- 
phide ore ;  the  whole  is  blown  in  about  4  hours. 

At  the  plant  of  the  United  States  Smelting,  Refining  &  Min- 
ing Co.,  at  Bingham  Junction,  Utah,"  there  were  in  operation 
several  Robinson  blast-roasters.  These  have  been  replaced  "  by 
20  so-called  "  roasting-boxes,"  6f  which  19  serve  for  ore-treat- 
ment and  one  for  the  supply  of  the  primer  for  starting  the  ore- 
charges.  A  roasting-box  has  a  hearth,  6  ft.  square  and  3  ft. 
deep,  the  bottom  of  which  is  made  up  of  cast-iron  plates  per- 
forated by  f -in.  holes,  the  sides  are  of  fire-brick,  and  the  hopper- 
shaped  roof  is  of  sufficient  capacity  to  hold  a  6-ton  charge.  The 
hearth  forms  the  top  of  the  wind-box,  through  which  air  is  forced 
from  a  blower.  At  the  back  of  the  furnace  is  a  door,  12  by  18 
in.,  for  the  admittance  of  an  electrically-driven  ram,  which 
pushes  the  roasted  and  clinkered  cake  out  of  the  front  through 
a  sliding  door,  the  upper  part  of  which  has  a  slot,  closed  by  a 
slide,  to  furnish  access  to  the  furnace  for  leveling  the  charge 
and  for  closing  blow-holes.  The  ram,  similar  to  the  one  ordi- 
narily used  in  discharging  coke  from  horizontal  retort  coking- 
ovens,  stands  on  an  electric  car  and  travels  on  a  track  parallel 
with  the  battery  of  19  blast-roasters.  The  ore-charge  consists 
of  33  parts  of  concentrates,  from  5  to  1*0  of  flue-dust,  and  from 


^^  Communication  by  M.  J.  ConnoUy. 

^^  W.  R.  Ingalls,  En^ineenng  and  Mining  Journal,  vol.  Izzxiv.,  No.  12,  p. 
527  (Sept.  21,  1907) ;  No.  13,  p.  575  (Sept.  28,  1907).  H.  O.  Hofman,  Mineral 
InduHry,  vol.  xvi.,  p.  668  (1907). 

"  Private  communication  by  G.  W.  Heintz,  General  Manager.  Paper  by  C.  T. 
Rice,  Mines  and  Methods,  vol.  i.,  No.  1,  p.  ^»  (Sept.,  1909). 
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62  to  57  of  fine  ore.     The  composition  of  the  ore  is  given  in 

Table  I. 

Table  I. — Composition  of  Ore. 


Kind. 

SlOg. 

Per 

Cent. 

Fe. 

Per 
Cent. 

CaO. 

Per 
Cent. 

S. 

Per 
Cent. 

Cu. 

Per 
Cent. 

Pb. 

Per 

Cent. 

Zn. 

Per 

Cent 

Richmond  fines,     .     .     . 

7.0 

32.0 

7.5 

0.8 

0.1 

4.0 

5.0 

Centennial  Eureka,  *'L" 

fines, 

70.0 

6.4 

4.0 

0.7 

1.2 

3.5 

0.6 

Centennial  Eureka,  "C 
fines, 

71.6 

6.1 

3.4 

0.5 

1.8 

0.5 

0.9 

Lead-plant  flue-dust, 
Bag-house  dust,      .     .     . 
U.  S.  concentrates,     .     . 

20.0 

•  ■•  ■  •  • 

4.6 

17.0 
19.4 

6.0 

•  ••  »■ 

2.0 

4.5 

8.0 

33.7 

1.0 
1.0 

19.0 
43.0 
19.1 

3.0 
6.3 
4.8 

U.  S.  concentrates,     .     . 

4.0 

23.3 

2.0 

34.2 

0.8 

17.9 

11.6 

U.  S.  concentrates,     .     . 

5.2 

22.2 

2.0 

34.0 

1.0 

20.6 

14.6 

U.  S.  concentrates,     .     . 

4.4 

25.2 

2.0 

33.5 

1.0 

18.9 

9.7 

The  mixture  is  calculated  to  contain:  S,  19;  SiO„  28;  Fe, 
18;  Pb,  13;  and  Zn,  6.5  per  cent.  The  limit  of  coarseness  of 
the  individual  particle  is  \  in.  The  different  ores  are  trans- 
ferred to  a  Smith  concrete-mixer  and  about  10  per  cent  of 
water  is  added.  The  moistened  mixture  is  then  transferred  to 
a  bin  by  means  of  an  elevator  and  thence  charged  into  the 
hoppers  of  the  roasting-boxes.  The  primer-mixture  is  made 
up  of  one  part  impure-blende  concentrate,  one  part  bituminous 
coal,  and  one  and  one-half  parts  of  coke-screenings ;  the  con- 
centrate assays:  Zn,  30.4;  Pb,  6.8;  Cu,  1.6;  Fe,  12.7;  S,  31.7; 
SiOj,  7.6  per  cent.  (Au,  0.06,  and  Ag,  4.2  oz.  per  ton).  The 
quantity  necessary  for  an  ore-charge  is  placed  on  the  hearth  of 
the  20th  roasting-box,  which  is  kept  in  operation  more  or  less 
continuously,  brought  to  a  red  heat  by  turning  on  the  under- 
grate  blast,  and  then  transferred  to  the  ore-roaster.  At  first, 
however,  the  grate  is  covered  with  a  layer  of  limestone  or 
siliceous  ore  to  a  thickness  of  about  2  in.,  then  follows  the  red- 
hot  primer,  making  a  cover  about  1.5  in.  thick,  and  on  top  of 
this  comes  the  charge  of  6  tons  of  ore,  which  when  leveled 
makes  a  bed  about  26  in.  thick.  The  doors  of  the  furnace  are 
now  luted  and  blast  is  turned  on  to  give  a  pressure  of  2  oz. ;  the 
pressure  is  gradually  increased  until  the  end  of  the  blow,  when 
it  reaches  9  oz.,  the  blow  lasting  from  5  to  8  hr.  During  the 
working  of  a  charge,  the  temperature  is  kept  as  low  as  possible 
in  order  to  keep  down  the  loss  of  lead  and  silver ;  the  progress 
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of  the  blast-roast  is  watched  through  the  slide  in  the  front  door. 
When  no  more  sulphur-fumes  are  given  off,  and  the  roast  is 
finished,  the  sintered  cake  is  pushed  into  a  sheet-steel  boat  by 
means  of  the  ram,  and  then  sprayed  with  water  to  cool  the 
clinker  and  to  wash  off  the  fines.  The  boat  is  brought  by 
means  of  a  traveling  electric  crane  to  a  24-  by  36-in.  Farrel 
crusher  set  to  6  in. ;  after  crushing,  the  clinker  is  hauled  .to  the 
stock-bins  of  the  blast-furnace.  The  19  roasting-boxes  treat 
about  320  tons  of  charge  per  day ;  the  elimination  of  sulphur 
from  ore-charges  ranges  from  66  to  70  per  cent. ;  from  matte- 
charges  the  average  expulsion  is  only  37  per  cent. ;  matte  is 
therefore  roasted  in  reverberatory  furnaces.  The  loss  in  lead 
and  silver  averages  4  per  cent.  The  plant  is  served,  per  shift, 
by  1  boss,  1  ram-man,  5  pot-men  and  2  men  charging  the  ore 
to  the  bins  and  hoppers,  or  9  men  in  all.  The  cost  of  treat- 
ment is  $1.25  per  ton  of  ore. 

4.  Blast-Roasting  of  Sulphide  Copper-  and  Copper-Nickel  Ores 
in  Pots. — The  changes  in  the  Huntington-Heberlein  process 
for  treating  lead-ores  that  were  made  necessary  by  the  great 
variety  of  ores  that  have  to  be  treated  in  a  custom  plant,  led  to 
the  discovery  that  lime,  although  very  desirable,  as  it  increases 
capacity  and  gives  a  better  product^ was  not  necessary  for  the 
successful  blast-roasting  of  lead-ores,  and  that  it  could  be 
omitted  entirely  provided  that  the  other  components  of  the 
charge  were  correctly  apportioned.  This  was  the  cause  of  W. 
R.  Ingalls's  term  of  "lime-roasting"  ^*  being  in  part  replaced  by 
L.  S.  Austin's  designation  of  "  pot-roasting."  "  The  next  step 
was  to  experiment  with  sulphide  copper-  and  copper-nickel 
ores.  In  some  cases  the  work  has  been  successful,  in  others 
not.  The  main  cause  of  this  difference  in  results  appears  to  lie 
in  the  physical  character  of  the  ore-charge.  Slight  changes  in 
the  chemical  composition  and  the  size  of  the  ore-particles, 
which  would  hardly  be  noticed  in  a  lead-charge,  make  the 
difference  between  success  and  failure  in  a  copper-mixture. 
Fine  concentrates,  even  when  diluted  with  coarse  ores,  are 
liable  to  cause  trouble.  Copper-concentrates  with  an  admix- 
ture of  about  10  per  cent,  of  flue-dust  appear  to  work  better 


*•  Engiruering  and  Mining  Joumcd,  vol.  Izzz.,  No.  10,  p.  402  (Sept  2,  1905). 
"  Mining  and  Scientific  PrtsSy  vol.  xciii.,  No.  17,  p.  611  (Oct.  27,  1906). 
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than  concentrates  alone;  with  lead-mixtures  the  reverse  has 
been  found  to  be  the  case.  Siliceous  coarse  ores  which,  when 
crushed  to  suitable  size  and  mixed  with  the  necessary  bases, 
have  resisted  treatment,  have  been  worked  satisfactorily  by 
crushing  to  about  1  in.,  blowing  in  a  pot,  crushing  the  caked 
and  partly  desulphurized  material  to  the  usual  degree  of  fine- 
ness, and  then  treating  in  the  customary  manner.     Thus  all 
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Fig.  1. — ExPEBiMENTAL  Blast-Boasting  Apparatus  of  the  Detroit  Copper 
MiNiiYo  Co.,  Morenci,  Ariz.,  Showing  Method  of  Operating. 

sorts  of  twists,  and  turns  have  had  to  be  made  in  reaching  out 
for  success. 

(a)  The  Garfield  plant  of  the  American  Smelting  &  Refining 
Co.,  near  Salt  Lake  City,  Utah."  Here  the  work  has  so  far  not 
been  entirely  satisfactory.  The  raw  material  is  a  mixture  of 
concentrates  from  different  Utah  copper  companies,  which  con- 
tains from  25  to  35  per  cent,  of  sulphur  and  about  8  per  cent, 
of  copper.  It  is  rough-roasted  in  McDougall  furnaces  to  reduce 


**  Communication  by  M.  J.  Connolly. 

[12] 


RBGEKT   PROGRESS   IN    BLAST-ROASTING. 


485 


the  sulphur-content  to  about  17  per  cent.  There  are  25  con- 
verting-pots of  the  standard  Huntington-Heberlein  form;  a  pot 
treats  8  tons  in  8  hr.  The  kindling-charge  consists  of  1  ton  of 
hot  calcines,  the  remaining  7  tons  are  cold  calcines  containing 
about  5  per  cent,  of  water,  and  assaying  Cu,  8,  and  S,  17  per 
cent.  The  blast-pressure  at  the  start  is  6  oz. ;  it  is  increased 
during  the  run  to  25  oz.  and  diminished  towards  the  end  to  20 
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Fio.  2.— Front  View  op  Experimental  Blast-Roasting  Apparatus  Of 

Detroit  Copper  Mining  Co. 


oz.  The  sulphur-content  is  reduced  to  6  per  cent,  but  from 
40  to  50  per  cent,  of  the  weight  of  the  charge  has  retained  its 
original  finely-divided  character.  Taking  into  consideration 
that  the  best  metallurgical  talent  is  at  the  disposal  of  this  com- 
pany, the  diflBculties  with  this  class  of  ore  in  a  Huntington- 
Heberlein  pot  appear  .to  be  very  great. 
(6)  The  Detroit  Copper  Mining  Co.  of   Arizona,  Morenci, 
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Ariz."  At  these  works  sulphide  copper-ore  and  flue-dost 
were  blast-roasted  for  some  time  in  spherical  kettles.  While 
the  work  was  satisfactory  from  a  purely  metallurgical  point  of 
view,  economic  considerations  were  the  cause  of  giving  up  the 
process.  Some  of  the  details,  however,  have  permanent  inter- 
est. The  general  arrangement  of  the  plant  is  shown  in  Figs.  1 
and  2 ;  details  of  construction  of  the  pot  are  given  in  Fig.  8. 
In  Fig.  1  the  pot  is  seen  to  rest  with  its  trunnions  on  supports 
which  are  carried  by  two  steel  beams ;  these  rest  with  one  end 
on  the  solid  rock  and  with  the  other  on  three  planks  bolted  to- 
gether, and  they  in  their  turn  are  supported  by  two  columns. 
During  a  blast,  the  pot  is  held  in  position  by  four  supports  and 
a  bearing-ring,  Fig.  8.  When  a  charge  is  finished,  the  hood  is 
lifted  with  a  1-ton  chain-block  and  conveyed  to  the  position  in- 
dicated by  the  dotted  lines  in  Fig.  1,  then  the  pot  is  tilted  by 
means  of  a  5-ton  differential  chain-block,  the  cake  falls  to  the 
ground,  and  is  there  broken  by  hand  and  shoveled  into  cars. 
The  details  of  the  construction  of  the  pot  and  the  grate  are 
evident  from  Fig.  8. 

The  charge  treated  in  a  pot  weighed  10  tons;  it  was  made 
up  of  8  tons  of  concentrate  and  2  tons  of  flue-dust.  A  screen- 
analysis  of  the  concentrate  gave  the  following : 

Per  Cent. 

On  J-in.  opening, 3.3 

Through  ^-in.  and  on  lO-mesh, 9.6 

Through  10- mesh  and  on  40-me8h, 30.9 

Through  40-me8h  and  on  80-mesh, 25.5 

Through  80-mesh  and  on  120-me8h, 14.0 

Through  120-mesh  and  on  200-mesh, 7.8 

Through  200-me8h, 8.9 

100.0 

A  chemical  analysis  gave  the  subjoined  constituents :  SiOj,  14.3 ; 
Fe,  24.9;  A1,0„  5.0;  CaO,  0.5;  MgO,  0.5;  S,  32.2;  Cu,  18.8; 
difference,  3.8  per  cent.  The  moisture  in  the  concentrate  as 
used  averaged  8.5  per  cent.  Flue-dust  gave  upon  analysis  : 
SiO„  23.9  ;  Fe,  25.9;  A1,0„  5.5;  CaO,  1.9;  MgO,  0.5;  S,  16.2; 
Cu,  17.1 ;  difference,  9.0  per  cent.  As  the  plant  has  no  roasts 
ing-furnaces  which  would  furnish  hot  material  to  serve  as  a 
primer,  the  usual  procedure  had  to  be  changed.  The  grate  was 


^'  Communication  bj  L.  R.  WaUace,  Metallurgist. 
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covered  with  a  layer  of  aehes  0.75  in.thick,  aamaU  fire  of  waste 
and  wood  wsb  started  in  the  center  and  then,  when  burning  well, 


ii 

8= 


75  lb.  of  eaw-duBt  was  fed  in  such  a  way  as  to  be  about  6  in. 
deep  at  the  center  and  to  taper  towards  the  periphery.    Now  a 
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charge  of  2  tons  of  warm  (80®  C.)  flue-dust  was  given,  and  this 
was  followed  by  a  3-in.  layer  of  concentrate ;  the  blast  was  started 
with  a  pressure  of  about  2  oz.  and  allowed  to  act  for  30  min., 
which  was  sufficient  to  kindle  the  concentrate  thoroughly. 
Next  the  air-valve  was  opened  full,  giving  a  pressure  of  about 
18  oz.,  and  the  concentrate  was  fed  in  as  fast  as  the  heat  crept 
up.  A  charge  of  2  tons  of  flue-dust  and  10  tons  of  concentrate 
required  20  hr.  for  treatment;  one  of  equal  parts  of  flue-dust 
and  concentrate,  14  hr.  The  best  results  gave  93  per  cent,  of 
coarse  material,  which  upon  analysis  showed :  SiO„  17.6 ;  Pe, 
84.5;  A1,0„  5.8;  CaO,  0.8;  MgO,  0.6;  S,  9.5;  Cu,21.4;  dif- 
ference, 9.8  per  cent. 

(c)  The  Canadian  Copper  Co.,  Copper  Cliff,  Ont.*^  At  these 
works  copper-  and  nickel-bearing  pyrrhotite  is  roasted  in  heaps, 
the  roasted  ore  is  smelted  in  blast-furnaces,  and  the  resulting 
matte  brought  forward  in  barrel-converters  to  80  per  cent  of 
nickel-copper.  There  are  no  roasting-furnaces  to  treat  the  fines 
made  in  breaking  the  ore,  which  are  usually  charged  raw  into 
the  blast-furnace  with  the  heap-roasted  ore.  Experiments  with 
potrroasting  were  successful,  but  the  process  was  not  carried 
further,  as  in  the  roast-yard  there  were  no  mechanical  appli- 
ances, and  working  by  hand  made  the  cost  of  treatment  too 
high.  The  pot  used  was  8  ft.  6  in.  in  diameter  and  6  ft.  deep ;  the 
arched  grate,  with  f-in.  holes,  was  2  ft.  above  the  center  of  the 
kettle.  Two  classes  of  ore,  both  0.5  in.  and  smaller,  were  treated, 
viz..  Cream  Hill  fines,  and  a  mixture  of  4  volumes  of  Creighton 
ore  with  1  volume  of  flue-dust.  A  pot  received  a  charge  of  6.75 
tons  of  Cream  Hill  fines,  which  assayed  SiO„  31;  Fe,  19; 
CuNi,  6.15 ;  S,  10 ;  H,0,  about  1 ;  while  6  tons  of  mixture,  also 
with  about  1  per  cent,  of  water,  could  be  worked  in  a  single 
operation.  The  Creighton  ore  assayed  SiO„  15.5;  Fe,  42; 
CuNi,  6.6;  and  S,  26  per  cent;  the  flue-dust,  SiO„  23;  Fe, 
7.3  ;  CuNi,  6.8;  and  S,  8  per  cent.  The  mode  of  operating  in 
both  cases  was  the  same.  Kindling  is  distributed  over  the  grate 
to  cover  an  area  2  ft.  6  in.  in  diameter ;  on  top  of  this  2  pails  of 
coke-breeze  are  spread  in  a  layer  about  1  ft.  in  diameter;  the 
wood  is  ignited,  half-blast  turned  on  until  the  coke  is  well 
kindled,  ore-charging  begun,  and  then  full  blast  is  turned  on. 


^^  Communication  by  D.  H.  Browne,  Metallurgist 
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When  the  ore  begins  to  burn  in  the  center,  the  coke  is  worked 
towards  the  periphery  to  draw  outward  the  fire  and  thus  ignite 
the  ore  outside  of  the  central  area.  When  a  good  layer  of  ore 
has  been  well  kindled,  the  pot  is  filled  with  the  rest  of  the 
charge.  About  7,500  cu.  ft.  of  air  is  blown  in  per  minute  at 
a  pressure  of  15  oz. ;  the  time  of  working  is  8.30  hr.  The 
pot-roasted  Cream  Hill  ore  retained  2.75  per  cent,  of  sulphur 
and  gave  from  15  to  20  per  cent,  of  fines;  the  Creighton  mix- 
ture of  ore  and  flue-dust,  12  per  cent,  of  sulphur  and  from  20 
to  25  per  cent,  of  fines. 

» 

III.  Down-Draft  Blast-Roasting  Apparatus. 

Blast-roasting  with  up-draft  pots  is  accompanied  by  several 
disadvantages.  The  leading  ones  are :  (1)  the  ore  is  exposed 
for  a  long  time  to  the  influence  of  hot  gases,  and  this  with  lead- 
ore  means  loss  of  metal ;  (2)  the  process  is  intermittent ;  (8)  the 
pot  requires  more  or  less  constant  attention  in  filling,  blowing, 
and  discharging ;  (4)  the  amount  of  fines  that  has  to  be  re- 
treated is  liable  to  be  large ;  (5)  the  handling  of  fines  causes 
much  loss  by  dusting ;  (6)  the  cake  is  unevenly  sintered ;  (7) 
the  breaking  of  the  cake  is  expensive,  even  when  done  mechani- 
cally, and  it  is  unhealthy  if  done  by  hand.  Thus  the  cost  of 
the  Huntington- Heberlein  process  in  treating  lead-ores  is  calcu- 
lated by  Ingalls^  at  $5.16  per  net  ton  of  blown  mixture,  or 
$2.70  per  net  ton  of  ore.  This  figure  is  somewhat  high ;  de- 
ducting for  blown  mixture  one-third  for  the  Rocky  Mountain 
plants,  and  one-half  for  the  Mississippi  Valley  region,  comes 
nearer  to  the  actual  facts.  These  disadvantages  appear  to  have 
been  overcome  by  the  Dwight-Lloyd  sintering-process  and  appa- 
ratus, in  which  the  ore  is  exposed  only  for  a  short  time  to  the 
influence  of  heat  and  blast;  that  is,  approximately  1  min.  for 
each  1  per  cent,  of  sulphur ;  the  process  is  continuous,  and  when 
once  adjusted  requires  little  or  no  attention  ;  it  makes  very  little 
fines  and  furnishes  a  porous  sinter  of  coke-like  structure,  which 
usually  is  small  enough  to  go  direct  to  the  blast-furnace. 

Three  types  ^*  of  sintering-machines  are  at  present  in  opera- 
tion :  the  drum-machine,  the  straight-line  machine,  and  the 
horizontal-table  machine.     All  embody  the  same  three  func- 


»«  Trans.,  xxxvii.,  641  (1907).  "  Communication  by  A.  8.  Dwight. 
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tions :  (1)  a  layer  of  ore  is  spread  mechanically  to  the  thick- 
ness of  from  2.5  to  5  in.,  average  4  in.,  on  a  traveling  herring- 
bone grate ;  (2)  the  ore-stream  thus  formed  passes  first  under  an 
igniter,  placed  at  right  angles  to  the  grate,  to  become  ignited 
at  the  surface,  and  then  over  a  stationary  suction-box,  which  by 
down-draft  causes  the  roasting  started  at  the  surface  to  progress 
downward  and  be  finished  when  the  ore  reaches  the  farther 
-end  of  the  section-box ;  (3)  the  sintered  ore  is  discharged  auto- 
matically in  a  size  suitable  for  blast-furnace  treatment  A 
Dwight^Lloyd  shallow  tray**  using  down-draft,  but  working 
intermittently,  is  in  operation  at  the  works  of  the  Cerro  de 
Pasco  Mining  Co.,  Peru,  for  desulphurizing  mixtures  of  sul- 
phide copper-ore  and  flue-dust. 

1.  The  drum-machine,"  shown  in  Pig.  4,  consists  of  a  hori- 
zontal cylinder,  11  ft.  4  in.  in  diameter  and  3  ft.  face,  made  up 
of  a  pair  of  circular  rims  of  iron  carrying  cast-iron  herring-bone 
■grates  with  an  eflfective  width  of  30  in.;  the  drum-shaped 
structure  rests  on  two  pairs  of  friction-rollers,  one  of  which  is 
connected  with  the  power.  Inside  the  drum  is  a  stationary 
suction-box,  which  occupies  the  top  quadrant  of  the  circle. 
The  ore,  fed  mechanically  upon  the  rising  grate,  is  ignited,  as 
shown  in  the  illustration,  by  gasoline-jets,  travels  over  the  suc- 
tion-box in  about  20  min.,  and  is  discharged  automatically  from 
the  grate-surface  by  the  points  of  an  *upturned  grizzly.  One 
experimental  machine  at  the  works  of  the  American  Smelting 
A  Refining  Co.,  Maurer,  N.  J.,  treated,  without  addition  of  lime, 
50  tons  of  galena-concentrate,  with  Pb,  50  per  cent.,  at  the  rate 
of  30  tons  in  24  hr.,  with  a  4-in.  layer  of  ore,  a  vacuum  of  4 
oz.,  and  a  power-consumption  of  12  h-p.  The  sulphur-content 
was  reduced  to  3.4  per  cent.,  and  gases  filtered  through  the 
bags  showed  the  loss  in  metal  to  be  less  than  0.5  per  cent. 

This  same  machine  is  now  installed  at  the  works  of  the  Balti- 
more Copper  Smelting  &  Rolling  Co.,  Baltimore,  Md.,  for  treat- 
ing, at  intervals,  mixtures  of  sulphide  copper-ore  concentrates 
and  flue-dust  at  the  rate  of  25  tons  per  24  hours. 

In  general,  it  may  be  stated  that  the  revolving  drum  con- 
sumes from  0.75  to  1.5  h-p. ;  the  fan,  from  10  to  20  h-p. ;  the 

*  Mining  andSdefUifie  Preas^  vol.  xcviii.,  No.  5,  p.  195  (Jan.  30,  1909). 
"  Engineering  and  Mining  Journal,  vol.  bcxxv.,  No.  13,  p.  649  (Mar.  28,  1908). 
Mineral  Induxtry,  vol.  zvL,  p.  380  (1907). 

[18] 


RECENT   PROGRESS    IN    BLAST-ROASTING. 


492 


RECENT    PROGRESS    IN    BLAST-ROASTING. 


bl 


^ 


O 


o 

I- 
o 

bl 
CO 


tea 

o 
OiS 

t 

H 


A 


S 

2 


S  Z 

111     H 

lit         kX 

I 


[20] 


REOENT   PROGRESS   IN   BLAST-ROASTING.  493 

mixing,  elevating  and  conveying  apparatus,  from  4  to  5  h-p., 
giving  a  total  of  from  15  to  25  horse-power. 

2.  The  straightrline  machine,  shown  in  Pig.  5,  consists  of  a 
frame  of  structural  steel  supporting  a  feeding-hopper,  an  ignit- 
ing furnace,  a  suction-box,  and  a  pair  of  endless-track  circuits  to 
accommodate  a  train  of  small  truck-like  elements  called  pallets 
which,  in  combination,  form  practically  an  endless  conveyor,  with 
the  continuity  broken  at  one  place  in  the  circuit.  Each  pallet  is 
provided  with  four  wheels,  which  engage  with  the  tracks  or 
guides  at  all  parts  of  the  circuit,  except  when  the  pallet  is  pass- 
ing over  the  suction-box,  and  then  the  pallet  slides  on  its  planed 
bottom  over  the  planed  top  of  the  suction-box,  thus  making  an 
air-tight  joint.  A  pair  of  cast-steel  sprocket-wheels,  turning 
inside  of  concentric  guide-rails,  lift  the  train  of  pallets  from 
the  lower  to  the  upper  track  by  engaging  their  teeth  with  the 
roller-wheels,  and  launch  each  pallet  in  a  horizontal  path 
under  the  feed-hopper  and  igniting-furnaee,  and  over  the  suc- 
tion-box. In  a  train  of  pallets  in  action,  all  the  joints  are  kept 
closed,  and  air-tight,  by  the  pallet  being  pushed  from  behind. 
At  the  beginning  and  the  end  of  the  track  formed  by  the  planed 
top  of  the  suction-box,  there  is  a  planed  "  dead-plate  "  over 
which  the  pallets  must  glide ;  it  serves  to  prevent  any  leakage 
of  air.  After  a  pallet  passes  over  the  suction-box  and  terminal 
dead-plate,  its  wheels  engage  the  ends  of  the  circular  discharge- 
guides.  These  are  adjusted  with  the  view  of  raising  the  pallet 
about  0.5  in.  vertically  and  thus  automatically  prying  up  the 
cake  of  sinter  and  freeing  it  from  the  grate-slots.  A  "  break- 
ing-roller "  prevents  the  prying  action  from  extending  too  far 
back,  and  tends  to  form  a  line  of  fracture.  This  roller,  how- 
ever, is  not  essential  in  all  cases.  On  reaching  the  curve  of  the 
guides,  the  pallets  one  by  one  drop  into  the  guides,  each  strikes 
the  pallet  which  has  preceded  it  and,  at  the  same  time,  dis- 
charges its  load  of  sinter-cake,  and  shakes  free  the  slots  of  the 
grates.  The  force  of  the  blow  can  be  regulated  by  the  gap  left  in 
the  train  of  pallets  at  this  point.  The  weight  of  the  train  keeps 
the  pallets  fed  down  to  the  lower  teeth  of  the  sprocket-wheels. 

The  igniter  frequently  used  with  this  machine  is  a  small  coal- 
burning  furnace  built  of  tiles,  having  a  grate-area  of  10  by  30 
in.  and  burning  500  lb.  of  coal  in  24  hr.  The  flame  after  passing 
over  the  fire-bridge  is  deflected  downward  upon  the  ore  by  a 
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brick  curtain  that  can  be  raised  and  lowered,  and  then  is  drawn 
upward  by  the  natural  draft  of  a  small  stack  or  bleeder. 

The  suction-box  on  top  is  12  ft.  6  in.  long  and  80  in.' wide, 
and  gives  for  the  grates  an  effective  hearth-area  of  31.25  sq. 
ft. ;  this  is  the  .true  measure  of  the  capacity  of  the  machine. 
The  pallets  are  each  30  in.  wide  by  18  in.  long  and  weigh  with 
grates  550  lb. 

The  power  delivered  to  the  machine  has  its  speed-factor  re- 
duced by  passing  through  a  train  of  gear-wheels,  the  last  of 
which  engage  the  internal  gear-teeth  cast  in  the  large  sprocket- 
wheels,  and  actuate  the  train  of  pallets. 

The  complete  cycle  of  operations  is  as  follows :  A  pallet^ 
being  pushed  onward  tangentially  from  the  top  of  the  sprocketr 
wheels,  passes  under  the  feed-hopper,  where  it  takes  its  load  in 
the  form  of  a  continuous  even  layer  of  charge,  say  4  in.  thick^ 
passes  next  under  the  ignition-furnace,  where  the  top  surface  is 
kindled,  and  at  the  same  time  comes  within  the  influence  of 
the  downward-moving  currents  of  air,  induced  by  the  suction- 
draft;  these  carry  the  sintering  action  progressively  downward 
until  it  reaches  the  grates.  The  roast-sintering  operation  is 
complete,  the  cake  is  discharged  by  dropping  into  the  discharge- 
guides,  and  the  pallet  crowds  its  way  back  to  the  sprocket- 
wheels,  is  slowly  raised  to  the  upper  tracks,  and  begins  a  new 
cycle. 

A  straight-line  machine  of  the  size  described  with  effective 
area  of  31.25  sq.  ft.  weighs,  without  accessories,  approximately 
16  tons. 

At  the  works  of  the  Ohio  &  Colorado  Smelting  &  Refining 
Co.,  Salida,  Colo.,^  the  machine  in  operation  is  30  ft.  long ;  the 
distance  between  the  deflecting  brick  curtain  of  the  igniter  and 
the  surface  of  the  ore  is  2  in. ;  the  rate  of  travel  of  the  pallets 
is  8  in.  per  min.  The  ore-mixture  comprises  ores  of  the  com- 
pany of  the  following  composition  : 


Kind. 

Oz.  Per 

Ton. 

Au. 

0*.  Per 

Ton. 

Pb. 

Per 

Cent. 

Cu. 
Per 
Cent. 

Insol. 
Per 
Cent. 

Fe. 
Per 
Cent. 

Zn. 
Per 
Cent. 

s. 

Per 
Cent. 

New  Monarch,      .     . 

? 

• 

? 

3.0 

none 

50 

14 

9 

18 

Flue-dust,    .... 

17.7 

0.46 

17.4 

1.4 

25.4 

17.8 

4.5 

5.9 

Sulphide  concentrate, 

? 

? 

23.5 

none 

6.2 

19.8 

10.2 

28.6 

Siliceous  ore  fines,     . 

25 

3.0 

5 

none 

65 

8 

? 

6 

Leadville  ozido  fines, 

10 

3 

none 

12 

48 

1 
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A  typical  charge  for  the  machine  by  weight  is :  New  Mon- 
arch, 40;  flue-dust,  15;  sulphide  concentrate,  SO;  siliceous 
and  oxide  ore,  15  per  cent. ;  this  brings  the  SiO,  content  to 
about  35  and  the  S  to  17.7  per  cent.  In  working,  it  was  found 
that  the  largest  permissible  size  of  ore-particle  was  0.25  in., 
and  that  the  quantity  should  not  exceed  25  per  cent,  of  the 
charge.  The  sintered  material  retains  4  per  cent,  of  sulphur. 
The  machine  treats  50  tons  of  mixture  in  24  hr. ;  the  suction 
in  the  chamber  shows  a  vacuum  of  6  oz. ;  the  igniter  consumes 
1,000  lb.  of  coal  per  24  hr. ;  1  man  attends  the  machine,  but  can 
look  after  several ;  the  cost  of  treatment,  including  bringing 
the  ore  200  ft.  and  moving  sinter  a  similar  distance,  is  $0.75 
per  ton. 

Two  machines  of  this  type  are  in  operation  at  a  lead-smelt- 
ing plant  in  Illinois,  where  the  cost  of  treatment  at  the  rate  of 
100  tons  in  24  hr.  is  less  than  $0.50  per  ton.  Other  machines 
are  doing  satisfactory  work  in  the  Mississippi  valley.  At  East 
Helena,  Mont.,  raw  matte  from  the  lead  blast-furnace  is  suc- 
cessfully worked  by  the  machine,  the  matte  forming  62  per 
cent,  of  the  weight  of  the  charge. 

In  general,  it  may  be  said  that  a  machine  treating  from  35 
to  40  tons  of  copper-lead  ores  per  day  requires,  for  mixing  of 
charge  and  propulsion  of  pallets,  from  8  to  6,  for  the  fan  12  to 
20,  or  a  total  of  from  15  to  26  h-p.  When  treating  a  galena- 
concentrate,  averaging  50  per  cent,  of  lead  in  the  mixture,  at 
the  rate  of  60  tons  of  charge  per  24  hr.,  the  power  required  has 
been  found  to  be  less ;  for  mixing  and  propelling  from  2  to  3, 
for  the  fan  from  10  to  18,  or  a  total  of  from  12  to  15  horse- 
power. 

8.  The  horizontal-table  machine  resembles  a  horizontal  rotat- 
ing picking-table,  in  which  the  ring-shaped  table  is  replaced  by 
herring-bone  grates.  The  outer  diameter  is  15  ft.,  the  inner  8 
ft.,  giving  a  total  grate-area  of  126  sq.ft.,  of  which  about  50 
per  centw  is  effective.  The  table  makes  about  1  rev.  in  45  min. 
There  is  a  stationary  feed-hopper  and  igniter;  the  sinter  is  re- 
moved by  means  of  a  scraper  and  a  deflecting-apron.  This 
type  of  machine  has  been  tried  under  a  variety  of  conditions, 
ranging  from  medium-grade  lead-ore  and  flue-dust  to  fine  cop- 
per Bulphide  concentrate,  and  has  given  good  results.  It  is 
a  convenient  form  for  a  large  unit,  but  it  has  the  great  dis- 
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advantage  that  the  scraper  in  removing  the  sinter  forces  an  un- 
due amount  of  fines  through  the  grate-slots.  Such  a  machine 
is  in  operation  at  the  Garfield  plant  of  the  American  Smelting 

6  Refining  Co.,  Utah,  treating  per  day  about  35  tons  of  a  fine 
copper  sulphide  concentrate,  of  which  45  per  cent,  will  pass  a 
200-mesh  screen.  The  sulphur  in  the  raw  charge  amounts  to 
about  80,  and  in  the  sintered  product  to  about  6  per  cent.  Other 
machines  of  this  type  are  in  operation  in  other  plants  of  this 
company,  but  machines  of  the  straight-line  type  have  been 
chosen  for  the  more  recent  installations. 

The  following  data  may  supplement  the  details  given  with 
the  three  types  of  machines  that  are  in  operation  at  present : 

For  a  grate-surface  of  30  sq.  ft.,  treating  a  charge  with  about 
15  per  cent,  of  sulphur,  from  3,000  to  4,000  cu.  ft.  of  hot  gases 
have  to  be  handled  per  minute.     The  vacuum  varies  from  2  to 

7  and  averages  5  oz.  The  wheel  of  the  fan  which  produces 
the  suction  has  to  be  cast  heavier  than  ordinarily  in  order  to 
withstand  the  wear  of  fine  particles  that  pass  through  the 
grates.  The  Salida  fan  has  a  wheel  32  in.  in  diameter,  10-in.  face, 
13-in.  inlet  and  outlet,  runs  from  1,500  to  1,900  rev.  per  rain., 
and  consumes  from  10  to  20  h-p.  The  temperature  of  the 
gases  at  the  fan  ranges  from  100°  to  150°  C.  The  latest  prac- 
tice is  to  use  large,  slow-speed  fans.  Such  a  fan  has  an  im- 
peller wheel  66  in.  in  diameter,  with  a  7-in.  face,  and  makes 
660  rev.  per  min.,  and  handles  about  3,600  cu.  ft.  of  gas  at  a 
temperature  of  180°  C,  creating  a  vacuum  of  4  oz.  and  consum- 
ing 19  i.h-p.  This  volume  corresponds  to  a  machine  having 
a  suction-box  30  by  150  in.  Running  the  fan  at  800  rev.  per 
min.  makes  it  answer  for  two  machines. 

In  treating  pyritic  ore  some  sulphur  in  driven  oft' and  vapor 
deposited  in  the  casing,  whence  it  is  removed  at  intervals 
through  clearing-doors.  The  amount  of  fines  which  falls 
through  the  grate  has  been  found  to  range  from  3  to  5  per 
cent,  of  the  weight  of  the  charge ;  the  bulk  of  this  material  is 
removed  through  doors  in  the  suction-box. 

In  making  up  a  charge,  it  is  essential  that  the  constituents 
be  intimately  mixed  and  uniformly  moistened;  the  amount  of 
water  added  varies  with  the  character  of  the  ore  and  ranges 
from  6  to  10  per  cent. 

As   to   the   chemical   composition,  the   charge-components 
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ought  to  be  80  apportioned  as  to  furnish  a  slag  that  forms  at  a 
low  temperature  and  requires  little  superheating  to  become 
fluid.  The  range  of  SiO,  lies  between  10  and  85  per  cent.;  it 
is  better  to  have  FeO  in  excess  of  CaO  than  vice  versd  ;  Pb  can 
be  high  or  low;  charges  with  Pb,  60  per  cent.,  are  being  run 
successfully;  S,  as  low  as  10,  but  a  good  average  is  18  per 
cent.,  while  with  more  than  20  per  cent,  the  process  is  much 
retarded.  However,  in  treating  copper-ores  with  which  the 
sulphur-content  has  to  be  reduced  only  to  8  or  10  per  cent.,, 
the  charge  can  contain  as  much  as  25  per  cent,  of  sulphur. 
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[TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS] 


Field-Investigations  of  Structural  Materials  by  the  U.  S. 

Geological  Survey. 

BT  ERNEST  F.   BURCHARD,  WASHINGTON,  D.  G. 

(Pittoburg  MeeUDg,  March,  1910.) 

In  coniieetion  with  the  work  of  testing  structural  materials 
for  the  use  of  the  U.  8.  Government  at  the  laboratories  of  the 
technologic  branch  of  the  U.  S.  Geological  Survey  at  St. 
Louis,  Mo.,  from  September,  1904,  to  April,  1909,  and  since 
then  at  Pittsburg,  Pa.,  large  quantities  of  sand,  gravel,  and 
crushed  stone  have  been  needed  from  time  to  time,  besides 
samples  of  building-stone,  clays,  and  other  quarry-products. 
In  many  instances  it  has  been  necessary  to  obtain  single 
samples  of  sand,  gravel,  or  crushed  stone  in  lots  of  a  car-load 
or  more.  For  obvious  reasons  all  these  collections  have  had 
to  be  made  by  a  representative  of  the  Survey.  As  the  work 
progressed  it  was  found  essential  that  numerous  geologic  data 
should  be  gathered  regarding  the  materials  collected,  in  order 
that  they  might  be  properly  classified  as  to  kind  of  material, 
source,  geologic  age,  etc.,  and  that  they  might  be  rated  accord- 
ing to  quantity  available,  accessibility  to  transportation  facili- 
ties,  approximate  costs,  suitability  for  special  purposes,  etc., 
and  that  notes  might  be  taken  regarding  undeveloped  deposits 
of  possible  value.  Furthermore,  it  was  desired  that  the  selec- 
tion of  materials  for  tests  should  be  made  broadly,  so  as  to 
cover,  first,  the  representative  types  of  material,  and  later,  if 
possible,  the  typical  materials  of  the  more  important  building- 
centers  in  the  United  States. 

In  order  to  insure  a  certain  degree  of  uniformity  in  this 
work  and  economy  of  effort  and  expense,  it  was  decided  that 
as  much  of  the  sampling  as  was  practicable  should  be  done  by  a 
member  of  the  geologic  branch,  whose  regular  field-trips  could 
be  combined  conveniently  with  those  necessary  for  procuring 
materials  for  the  laboratory.  During  parts  of  the  last  three 
years  I  have  been  engaged  in  field-work  of  this  sort. 
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The  results  of  the  field-  and  laboratory-investigations  of 
structural  materials  are  intended  primarily  for  the  informa- 
tion of  those  departments  of  the  government  which  are  engaged 
in  construction-work — namely,  the  office  of  the  Supervising 
Architect  of  the  Treasury  Department ;  the  War  Department ; 
the  Isthmian  Canal  Commission ;  the  Reclamation  Service  of 
the  Interior  Department;  and  the  Navy  Department.  The 
field-  and  test-data  have  been  made  available  to  these  depart- 
ments, although  comparatively  little  of  the  information  has  yet 
b6en  published.  However,  when  fairly  complete  information 
has  been  obtained  that  is  thought  to  be  of  general  interest,  it 
has  been  compiled  and  published  in  bulletins  by  the  Geologi- 
cal Survey. 

Prior  to  the  fiscal  year  1909-1910  the  making  of  general 
typical  collections  and  of  special  areal  studies  was  the  principal 
work  undertaken.  In  the  spring  of  1909  a  request  for  infor- 
mation was  received  by  the  Director  of  the  Survey,  through 
the  Secretary  of  the  Interior,  from  the  Secretary  of  the 
Treasury,  accompanied  by  a  list  of  about  380  cities  in  which 
the  construction  of  new  Federal  buildings  and  extensions  had 
been  authorized  by  Congress  and  would  be  in  progress  in 
various  stages  within  the  next  three  or  four  years.  This  work 
will  involve  an  expenditure  of  not  less  than  $50,000,000.  The 
following  quotations  from  this  request  are  therefore  of  interest 
here: 

**  It  will  be  in  the  interest  of  the  Government  to  have  the  Geological  Survey 
furnish  this  Department  with  information  as  to  the  character  and  extent  of  the 
sandSi  gravels,  stone,  and  other  materials  suitable  for  work  in  concrete  construc- 
tion ;  sands  for  mortars  ;  stone  for  masonry  work  ;  brick,  terra  cotta,  hollow  tile, 
and  other  structural  materials  that  may  be  suitable  and  available  for  use  in  the 
construction  of  these  buildings  within  easy  reach  of  each  of  the  localities  named 
in  this  list.  Exact  and  thorough  data  of  this  kind  will  not  only  be  of  great  service 
in  connection  with  the  construction  of  the  buildings  in  question,  but  also  in  the 
preliminary  planning  of  them.'' 

*^  Reports  should  be  submitted  to  the  Supervising  Architect's  office  from  time 
to  time,  as  rapidly  as  any  part  of  this  work  can  be  completed,  or  definite  results 
obtained,  without  awaiting  publication,  in  order  that  this  information  may  be 
available  for  use  in  the  planning  and  construction  of  public  buildings  already 
authorized." 

In  view  of  the  urgency  of  this  request,  it  became  necessary 
to  make  this  work  a  special  order  of  business,  rather  than  an 
incident  to  other  field-trips.    Therefore,  during  the  second  half 
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of  1909  part  of  the  time  of  six  geologists,  J.  A.  Holmes,  T. 
Nelson  Dale,  N.  H.  Darton,  J.  E.  Todd,  James  A.  Gardner, 
and  J.  A.  Udden,  and  all  of  my  time  was  spent  on  this  work, 
with  the  result  that  about  85  per  cent,  of  the  380  specified  locali- 
ties, including  all  where  the  need  was  urgent,  were  visited  and 
a  field-report  on  each  one  was  prepared  and  sent  to  the  Super- 
vising Architect.  At  the  outset  it  was  planned  that  there 
should  be  uniformity  in  the  reports,  and  therefore  they  were 
prepared  mostly  according  to  the  following  outline,  care  being 
taken  that  only  data  of  a  practical  character  should  be  given : 

Structural  Materials  Investigated  for  Use  in  Federal  Buildings. 

I.  Stone: 

A.  Dimension  stone  [  «•  foundations. 

9^^^^*^^^^       '  ^'   Walls. 

for  eztenor.       .  . 

[^  c.  Sills  and  tnm. 

B.  Ornamental  stone  for  interior  (marble,  serpentine,  onyx,  etc.). 

C.  Slate  for  roofing,  sanitary  fixtures,  etc. 

II.  Material  for  concrete : 

A.  Sand. 

B.  Gravel. 

C.  Crushed  stone,  slag,  cinder,  shell,  etc 

D.  Cement — Portland,  natural,  hydraulic,  etc. 

III.  Clay  products : 

A.  Brick.    I  "•  Common.  ,    ,     ,      , 

C  0.  Front  (pressed,  rough,  fire-faced,  etc.). 

B.  Tile.      \  "•  Roofing. 

I  6.  Hollow  building-tile  or  block. 

IV.  Materials  for  mortars  and  plasters  : 

A.  Lime.     /  "'  Q"^^^* 

I  6.  Hydrated. 

B.  Gypsum  wall-plasters. 

C.  Sand. 

The  work  was  necessarily  done  very  rapidly,  and  the  reports 
were  not  written  for  geologists,  but  rather  for  the  use  of  persons 
who  may  not  have  had  training  in  geology.  The  view-points 
of  the  geologist,  however,  respecting  extent,  quality,  structure, 
and  general  geologic  relations  that  affected  the  utilization  of 
material  were  borne  in  mind  throughout  the  work.  The  re- 
ports as  type-written  range  in  length  from  1  to  12  pages  but 
average  less  than  5  pages. 

In  making  these  field-studies  it  was  the  endeavor  to  relieve 
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the  laboratory  of  all  work  possible  and  to  give  to  the  Supervis- 
ing Architect  a  definite  opinion  as  to  the  value  of  the  material, 
backed  up  by  a  detailed  description  of  it  and  the  results  of  field- 
tests.  In  addition,  any  authentic  test-data  in  possession  of  the 
producer  or  contained  in  State  geological  survey  reports  were 
utilized.  The  common  points  considered  with  regard  to  stone, 
gravel,  clay,  gypsum,  etc.,  were  noted  on  forms  in  loose-leaf 
books.  Many  special  details  with  regard  to  the  various  mate- 
rials had  to  be  investigated,  and  for  brick  and  other  clay- 
products  notes  were  kept  regarding  the  processes  of  manu&c- 
ture.  Sands  were  subjected  to  qualitative  tests  for  the  presence 
of  lime,  alkali,  clay,  magnetite,  quicksand,  and  silt  Granular- 
metric  analyses  were  made  and  the  material  was  critically  ex- 
amined under  the  field-lens.  A  knowledge  of  the  Architect's 
general  specifications  was  requisite,  and  as  a  rule  the  geologist 
was  able  to  tell,  after  a  careAil  investigation,  whether  a  sand, 
gravel,  stone,  or  brick  would  fulfill  these  specifications  or  not 

To  the  question  as  to  what  direct  advantage  these  reports 
would  be  to  the  Supervising  Architect,  or  to  federal  construc- 
tion-work in  general,  the  following  answer  may  be  given: 

(a)  Attention  is  called  to  materials  of  merit  which  owing  to 
their  proximity  to  the  building  site  should  be  obtainable  at 
lower  prices  than  similar  materials  occurring  long  distances 
away. 

(6)  Attention  is  called  to  little-developed  and  hitherto  com- 
paratively unknown  materials  that  may  possess  special  merit 
for  certain  kinds  of  work. 

{c)  Warning  is  issued  against  the  use  of  materials  that  are 
not  suitable  yet  are  commonly  used  in  certain  localities. 

(d)  Warning  is  issued  against  the  acceptance  of  materials 
from  deposits  which  may  be  of  good  quality,  but  of  insufiScient 
quantity. 

(e)  Warning  is  issued  against  the  acceptance  of  materials 
from  deposits  which  may  afibrd  small  samples  of  material  of 
excellent  grade  but  whose  quality  as  a  whole  is  inferior. 

(/)  Data  regarding  local  costs  and  freight-rates  are  obtained 
on  small  and  large  lots  of  all  materials  shipped  into  the  locality, 
such  as  cement,  stone,  sand,  wall-plasters,  etc.,  thus  affording 
aid  towards  the  preparation  of  specifications  for  new  buildings. 

In  addition  to  the  results  of  this  work  as  related  to  the  gov- 

[4] 


FIBLD-INVBSTIGATIONS   OF   STRUCTURAL   MATERIALS.         503 

eminent,  its  relation  to  the  country  at  large  may  be  mentioned. 
Where  little-known  but  meritorious  materials  are  thus  brought 
to  the  attention  of  the  Supervising  Architect,  and  incidentally 
to  that  of  the  public,  as  they  doubtless  will  be  later  through 
their  use  in  federal  buildings  and  their  description  in  published 
reports,  the  utilization  of  important  natural  resources  is  en- 
couraged. During  the  past  field-season  many  materials  that 
would  probably  otherwise  have  been  passed  unnoticed  have 
been  brought  to  the  attention  of  the  Supervising  Architect. 

Besides  the  work  outlined  above,  there  have  been  at  times 
during  the  past  year  at  the  laboratories  of  the  Survey,  both  in 
Pittsburg  and  in  Washington,  special  investigations  of  such 
subjects  as  the  manufacture  of  hydrated  lime  and  studies  oi 
Eeene  cement  and  wall-plasters,  tending  towards  the  formula- 
tion of  standard  specifications  for  these  materials  in  govern- 
ment construction-work.  Here  again  the  services  of  field 
geologists  have  been  required  to  procure  the  samples  and  the 
geologic  data  of  the  Survey  thereby  enriched. 
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A  Commercial  Fuel-Briquette  Plant. 

Discussion  of  the  paper  of  Mr.  Blauvelti  presented  at  the  Fittsbuig  Meeting, 

March,  1910,  and  published  in  Bulletin  No.  39, 

March,  1910,  pp.  223  to  236. 

Charles  T.  Malcolmson,  Chicago,  HI. : — Mr.  Blauvelt's  ad- 
mirable paper  is  a  valuable  contribution  to  the  literature  on 
briquetting;  of  coal  in  this  country.  It  should  have  a  special 
significance  for  those  interested  in  the  commercial  development 
of  the  coal-briquette  industry.  I  believe  that  the  data  included 
in  Mr.  Blauvelt's  paper  will  be  particularly  useful  because  they 
represent  costs  taken  from  a  briquette-plant  in  actual  opera- 
tion. 

There  are  several  points  touched  on  in  Mr.  Blauvelt's  paper 
which  may  bear  comment  in  the  way  of  emphasis  rather  than 
of  criticism.  In  the  first  place,  he  has  stated  a  fact  which  be- 
comes axiomatic  to  any  one  who  has  had  any  experience  in  the 
design,  building,  or  operation  of  coal-briquette  plants,  and 
that  is,  that  the  press  is  only  one  factor  in  the  successful  opera- 
tion of  such  a  plant.  I  have  observed  from  my  experience  and 
from  my  knowledge  of  the  troubles  of  other  briquette-plants 
that  practically  all  the  failures  can  be  attributed  to  a  disregard 
of  this  fact.  The  successful  plant  is  the  one  in  which  all  of  the 
elements  making  up  the  plant  have  been  given  due  considera- 
tion. The  preparation  of  the  coal  before  briquetting  is  of  more 
importance  in  an  economic  way  than  the  press  used  in  making 
the  briquettes,  except  in  so  far  as  the  type  of  press  determines  the 
size  or  shape  of  the  briquettes  made. 

Coal-briquetting  is  a  simple  operation  if  viewed  from  the 
steps  in  the  process.  Coal  and  a  suitable  binder  are  mixed  to- 
gether, heated,  and  subjected  to  pressure.  The  exactness  with 
which  these  relations  are  maintained  determines  the  uniformity 
of  the  product,  and  has  a  vital  bearing  on  the  cost  of  making 
this  product.  In  the  first  place,  the  coal  must  be  dry,  and  the 
binder  must  be  introduced  into  the  coal  with  as  little  moisture 
as  possible.     Experience  has  shown  that  a  certain  percentage 
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of  inoistare  is  necessary  to  make  good  briquettes^  but  if  the  mois- 
ture-content exceeds  5  per  cent,  the  product  deteriorates  in 
value.  The  percentage  of  moisture  in  the  mixture  varies  with 
different  coals ;  therefore,  that  part  of  the  plant  is  designed  to 
meet  the  requirements.  The  temperature  of  the  mixture  is  also 
varied  with  different  fuels.  These  items  have  a  direct  bearing 
on  the  cost,  so  that  the  temperature  is  kept  as  low  as  is  com- 
patible with  good  operation.  Mr.  Blauvelt  states  that  about 
200  lb.  of  steam  per  ton  of  briquettes  is  required  for  heating 
the  mixture.  At  the  plant  of  the  Standard  Briquette  Fuel  Co., 
at  Kansas  City,  we  are  preparing  to  install  a  gas-meter  recently 
designed  by  Professor  Thomas  for  measuring  the  quantity  of 
superheated  steam  used  in  this  plant  for  this  purpose.  Unfor- 
tunately, at  the  present  time,  we  have  not  secured  this  data, 
but  from  other  data  obtained  I  believe  the  figure  given  by  Mr. 
Blauvelt  is  high  for  the  Kansas  City  plant.  The  quantity  of 
steam,  however,  will  vary  according  to  its  temperature.  Some 
operators  in  Europe  disregard  the  use  of  superheated  steam 
other  than  that  necessary  to  insure  perfectly  dry  steam  at  the 
mixer. 

On  the  other  hand,  there  are  plaints  at  which  the  coal  is 
heated  before  the  binder  is  introduced,  and  the  temperature  of 
the  mixture  is  also  increased  by  direct  heat,  together  with  the 
introduction  of  steam  into  the  mixture.  There  are  objections 
to  this  method  in  the  practical  operation  of  a  plant  on  account 
of  the  fire-risk  and  the  caking  of  the  mixture  on  the  inside  of 
the  heaters.  In  the  Kansas  City  plant  we  use  the  vertical  type 
of  heater  mentioned  by  Mr.  Blauvelt,  and  believe  it  has  some 
points  in  its  favor.  It  insures  a  more  or  less  compact  mass,  in 
which  the  maximum  temperature  of  the  heating-agent  is  applied 
near  the  point  of  discharge  of  the  mass  from  the  heater,  while 
the  mixture  as  it  enters  the  heater  at  the  top  receives  the  excess 
or  uncondensed  steam  at  atmospheric  pressure  after  it  has  given 
up  its  superheat.  It  also  allows  the  introduction  of  the  steam 
into  the  mass  under  pressure,  which  increases  the  total  heat  in 
the  steam. 

The  most  important  problem  which  we  have  yet  to  solve  in 
connection  with  commercial  briquette-plants  is  the  binder. 
This  is  by  far  the  largest  single  item  of  cost  in  the  briquet- 
ting  of  coal,  and  the  success  or  the  failure  of  a  plant  may  de- 
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pend,  first,  upon  the  cost  of  binder,  and  second,  upon  its  uni- 
form quality.  In  Europe  the  briquetting  of  coal  has  been  de- 
veloped through  many  years  along  with  other  means  of  utiliz- 
ing fine  or  waste  coal.  This  is  notably  true  of  the  by-product 
coke-ovens.  There  the  briquette  industry  consumes  a  large 
portion  of  the  tar  recovered  in  these  ovens.  As  the  consump- 
tion of  this  tar  represents  an  important  item  in  the  commercial 
success  of  this  form  of  coke-ovens,  and  the  briquette  indus- 
try consumes  the  major  portion  of  the  tar  so  produced,  the  re- 
quirements for  briquetting-pitch  have  been  met  by  the  produ- 
cers of  by-product  coke.  The  two  industries  must  of  necessity 
work  hand  in  hand.  I  cite  the  coke-oven  industry  because  this 
is  the  largest  producer  of  tar,  the  pitch  of  which  is  used  mainly 
for  briquetting  purposes. 

In  the  United  States  the  tar,  whether  it  be  recovered  from 
by-product  coke-ovens,  from  the  manufacture  of  illuminating- 
gas  by  destructive  distillation  of  coal,  or  from  tar  recovered  in 
the  washing  of  water-gas  enriched  with  petroleum,  has  found 
markets  in  other  channels,  notably  in  the  roofing  and  paving 
industries.  These  industries  have  not  required  the  exactness 
in  the  manufacture  of  pitch  which  is  essential  to  the  making 
of  good  briquettes.  For  instance,  it  is  a  common  practice  in 
the  United  States  to  "  cut  back  '*  a  still  of  pitch  if  the  distil- 
lation has  been  carried  beyond  the  proper  point  to  produce 
pitch  of  a  given  melting-point,  or  hardness.  This  means  that 
oils  are  introduced  into  the  still  to  soften  the  pitch  after  the 
fires  are  drawn. 

We  have  learned  by  experience  a  fact  which  has  been  known 
in  Europe  for  some  time — that  there  are  certain  oils  in  coal- 
tar  which  must  be  removed  before  the  pitch  can  be  used  for 
the  manufacture  of  briquettes,  particularly  for  domestic  pur- 
poses. K  these  oils  are  retained  in  the  pitch,  they  volatilize 
at  a  temperature  below  that  at  which  the  coal  burns,  and  in 
consequence  smoke  forms,  which  is  not  only  objectionable  on 
account  of  the  odor,  but  the  oils  contained  in  it  often  condense 
in  the  cooler  chimney,  collecting  the  finely-divided  carbon  of 
the  smoke  and  obstructing  the  draft.  When  briquettes  made 
with  pitch  of  this  character  are  used  on  locomotives,  the  dust 
and  fiimes  from  the  briquettes  irritate  the  face  and  eyes  of  the 
firemen. 
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In  order  to  develop  the  industry  to  a  point  where  the  proper 
briquetting-pitch  can  be  specified  and  maintained  at  all  times, 
considerable  investigation  will  be  necessary,  the  cost  of  which 
must  be  reckoned  in  the  cost  of  the  finished  product.  At 
the  present  time  the  low  selling-price  of  fuels  in  the  United 
States  leaves  small  margin  for  an  excessive  cost  of  binder,  since 
briquettes  must  be  made  at  a  figure  between  the  selling-prices 
of  the  slack-  and  lump-coal  and  leave  a  margin  of  profit 

These  problems  have  yet  to  be  worked  out  commercially;  but 
there  is  much  encouragement  from  the  attitude  of  the  large 
tar-distillers  in  the  United  States,  who  have  given  every  evi- 
dence of  their  willingness  to  bear  their  share  of  the  burden. 

There  is  a  point  only  touched  on  by  Mr.  Blauvelt  in  his 
paper,  regarding  the  advantage  in  the  use  of  hard  or  dry  pitch, 
as  compared  with  a  softer  pitch  introduced  into  the  mixture  in 
liquid  form.  Experience  has  shown  that  a  pitch  of  higher 
melting-point  does  not  work  so  well  with  the  liquid  process. 
A  proposition,  however,  of  larger  economic  value  for  the  future 
is  found  in  using  a  hard  pitch  which  can  be  shipped  in  bulk  in 
all  seasons  and  which  will  give  the  tar-distiller  the  more  valu- 
able oils  resulting  from  the  manufacture  of  such  pitch.  In 
Europe  thfe  practice  is  quite  general  of  distilling  the  pitch  be- 
yond a  point  at  which  it  can  be  used  even  for  briquetting  pur- 
poses in  order  to  obtain  the  valuable  anthracene  oils.  This 
hard  pitch  is  "  revivified  "  by  the  admixture  of  a  softer  pitch. 
The  hard  pitch  is  always  shipped  in  bulk ;  the  softer  pitch  must 
be  handled  in  barrels,  which  adds  to  its  cost.  In  the  United 
States  the  manufacture  of  aniline  dyes,  alizarine,  and  other 
chemicals  obtained  from  the  anthracene,  has  never  become  an 
important  factor.  Most  of  these  chemicals  are  imported  from 
Europe. 

The  development  of  this  industry  will  undoubtedly  follow 
the  introduction  of  practical  methods  for  the  effective  conser- 
vation of  our  fuel-resources,  in  which  briquetting  will  play  an 
important  part. 

John  Birkinbinb,  Philadelphia,  Pa. : — Mr.  Blauvelt's  gen- 
eral reference  to  the  numerous  forms  of  briquette-apparatus 
brought  to  public  notice  in  this  country,  as  recorded  in  our 
Transactions  and  other  technical  publications,  might  have  been 
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elaborated  and  made  exceedingly  instructive  by  detailed  men- 
tion of  the  different  forms  and  the  business  enterprises  con- 
nected with  their  introduction,  and  a  classification  of  them  into 
those  which  were  mechanically  defective ;  those  which  were 
mechanically  successful,  but  not  economical ;  and  those  which 
were  simply  premature,  because  of  the  lack  of  public  apprecia- 
tion of  their  importance  as  methods  of  utilizing  waste  material. 

With  regard  to  the  history  of  this  question,  as  exhibited  in 
our  Transactions,  I  may  supplement  Mr.  Blauvelt's  statement 
by  calling  attention  to  the  fact  that,  at  the  Philadelphia  meet- 
ing of  the  Institute,  in  February,  1872,  the  late  E.  F.  Loiseau 
presented  orally  a  paper  on  the  utilization  of  coal-dust,*  which, 
however,  was  not  published,  Mr.  Loiseau  preferring  to  present 
later  and  more  complete  accounts  ^  of  his  briquetting-method 
and  his  plant  at  Port  Richmond,  near  Philadelphia.  Mean- 
while, in  connection  with  the  Hazleton  meeting  of  October, 
1874,  the  members  of  the  Institute  visited,  near  Mauch  Chunk, 
the  experimental  works  of  Mr.  Loiseau,  who  afterwards  erected 
the  larger  plant  at  Port  Richmond. 

In  addition  to  these  accounts  of  Loiseau's  process  and  ma- 
chinery, our  Transactions  contain,  besides  references  to  the  bri- 
quetting  of  ores,  etc.,  an  elaborate  paper  by  Robert  Schorr, 
of  San  Francisco,  Cal.,'  on  Fuel-  and  Mineral-Briquetting,  the 
value  of  which  is  enhanced  by  a  comprehensive  bibliography, 
prepared  by  the  author,  and  complemented  with  important  ad- 
ditions by  Professor  Hofman. 

But,  apart  from  the  foregoing  suggestions  for  the  assistance 
of  those  who  would  study  the  literature  of  this  subject,  I  wish 
to  recognize  the  significance  of  the  data  presented  by  Mr.  Blau- 
velt,  as  constituting  a  welcome  contribution  to  "  the  conserva- 
tion of  natural  resources,"  by  proposing  a  method  of  produc- 
ing cheaply  a  satisfactory  fuel  from  what  is,  in  many  localities, 
a  refuse  material ;  and  I  desire  also  to  point  out  a  special  field 
in  which  such  a  method  may  be  greatly  useful. 


*  Trans.,  i.,  18  (1871-73\ 

"  On  the  Manufacture  of  Artificial  Fuel  at  Port  Richmond,  Philadelphia  meet- 
ing, February,  1878,  2Vo7m.,  vi.,  214  (1877-78),  and  The  Successful  Manufacture 
of  Pressed  Fuel  at  Port  Richmond,  New^  York  meeting,  February,  1880,  Trans,  y 
viii.,  314  (1879-80). 

»  Tran8.y  xxv.,  82  (1895). 
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The  anthracite  coal-fields  of  Pennsylvania  have  long  been 
looked  upon  as  offering  inducements  for  some  method  of  utiliz- 
ing the  fine  coal.  In  late  years  many  washeries  have  been  in- 
stalled to  recover  small  sizes  of  anthracite  from  mine-waste, 
and  numerous  old  culm-banks  have  been  worked  over  for  this 
purpose.  But  these  washeries  do  not  reach  great  quantities  of 
coal  which  have  been  washed  down  the  streams  of  the  coal- 
region  into  the  large  creeks  and  rivers ;  and,  in  these,  a  con- 
siderable industry  is  carried  on  by  flat-boats  equipped  with 
dredges  and  screens,  which  recover  large  amounts  of  fuel  from 
stream-beds.  The  dredges  win  good  coal  from  "  pea  "-size  up, 
and  the  washeries  save  what  is  marketed  as  ^*  rice  "-coal  (names 
indicating  the  approximate  sizes) ;  but  the  coal-dust  is  not  recov- 
ered in  either  case,  and  the  operation  of  the  machines  largely 
augments  the  amount  of  this  which  enters  the  streams. 

The  Water  Supply  Commission  of  Pennsylvania  has  received 
protests  against  the  discharge  into  the  streams  of  this  fine  an- 
thracite and  slate ;  and,  as  a  member  of  that  Commission,  I 
welcome  any  practical  suggestion  for  utilizing  material  which 
is  obstructing  stream-beds,  doing  great  injury  to  cultivated 
lands,  and  polluting  public  water-supplies.  This  fine  coal  is 
admirably  suited  for  the  manufacture  of  briquettes,  because 
the  coal  grinds  to  a  powder  more  easily  than  the  slate,  and  the 
difference  in  specific  gravity  permits  a  fair  separation  by  simple 
sedimentation.  At  present,  the  "  sludge  "  leaving  the  wash; 
eries  is  carried  down  the  streams  where  the  velocity  is  suflElcient 
to  transport  it,  but  settles  in  quiet  pools,  obstructs  the  stream- 
flow,  and  changes  the  course  of  the  channels.  Freshets,  lift- 
ing the  mass,  carry  it  forward  and  deposit  it  on  cultivated 
fields,  effectually  killing  their  fertility.  With  each  succeeding 
freshet  the  obstructed  stream-channels  force  the  freshet-waters, 
laden  with  coal-dust,  over  new  areas  of  bottom-land,  and,  like 
a  moraine,  this  wave  advances  down-stream  to  ruin  new  terri- 
tory. 

The  conditions  described  in  the  anthracite-region  are  to  a 
greater  or  less  extent  repeated  in  the  bituminous-coal  districts 
of  Pennsylvania,  and  the  condition  of  many  streams  of  the 
State  is  deplorable.  Our  Commission  faces  the  problem  of 
reducing  the  permanent  injury  to  some  of  the  best  bottom- 
lands, the  obstruction  of  streams,  and  the  pollution  of  water- 
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supplies,  without  working  unnecessary  hardship  to  the  mag- 
nijScent  coal  industry  of  the  State.  If  the  fine  coal  can  be 
removed  from  the  sludge  and  cheaply  formed  into  briquettes, 
this  measure  may  be  a  great  public  service.  Perfect  separation 
of  finely-divided  coal  from  slate-dust  may  not  be  necessary,  for 
*  while  the  percentage  of  ash-producing  material  will  influence 
the  calorific  and  commercial  values  of  briquettes,  they  may 
contain  a  considerable  proportion  of  the  slate  and  yet  be  a 
desirable  fuel.  The  problem  is  not  easy.  There  are  difficulties 
in  collecting  the  fine  coal,  and  the  expense  of  briquetting  must 
be  considered ;  but  the  field  suggested  above  is  worthy  of  in- 
vestigation by  those  interested  in  briquetting,  since  the  raw 
material  is  now  not  only  a  waste,  but  also  a  nuisance,  and  a 
serious  menace. 

R.  W.  Raymond,  New  York,  N.  Y. : — Speaking  from  my 
general  recollection  of  the  enterprise  of  Mr.  Loiseau,  to  which 
Mr.  Birkinbine  has  referred,  and  without  pretending  to  know 
its  commercial  history,  down  to  the  death  of  the  inventor  in 
1886,  I  may  say  that  the  opinion  which  I  formed  of  it  at  the 
time  would  fairly  place  it  among  those  otherwise  excellent 
methods  which  Mr.  Birkinbine  characterizes  as  prematurely 
proposed.  There  was  no  question  as  to  the  quality  of  the 
product ;  but  the  process  required  one  condition,  upon  which 
many  other,  and  leea  meritorious,  schemes  of  the  kind  were 
wrecked — namely,  it  called  for  pure  material.  Innumerable 
philanthropic  and  visionary  reformers  had  gazed  upon  the  big, 
black  "  culm-heaps  "  of  the  anthracite-region,  estimated  them 
as  measuring  the  "  waste  of  coal,"  and  dreamed  of  ways  in 
which  they  could  be  "  utilized."  And  their  various  schemes 
were  usually  based  upon  the  notion  that  these  black  piles  of 
waste  would  furnish  a  raw  material  available  for  use  at  once, 
without  other  expense  than  that  of  handling  it.  In  fact,  prob- 
ably none  of  these  old  dumps  contained  enough  coal  to  be  used, 
without  previous  concentration,  in  the  form  of  briquettes  or  in 
any  other  form ;  the  oldest  of  them,  accumulated  when  small 
sizes  of  coal  were  not  marketable,  would  pay  for  re-washing ; 
and  the  great  majority,  accumulated  after  the  introduction  of 
the  use  of  the  smaller,  smaller  and  smallest  sizes  of  coal,  were 
practically  too  poor  in  carbon  to  be  economically  handled  at 
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all.  Reformers  and  inveutors  alike  seem  to  have  regarded 
every  dump  of  black  slate  as  so  much  waste  of  coal. 

Two  men,  more  than  any  others,  introduced  effective  reme- 
dies for  the  waste  of  coal  in  this  way — namely,  Franklin  B. 
Gowen,  who,  as  President  of  the  Philadelphia  &  Reading  Rail- 
road Co.,  put  upon  the  road  of  that  company  locomotives  pro- 
vided with  special  fire-boxes  and  grates  for  the  burning  of  un- 
salable slack-coal ;  and  Eckley  B.  Coxe,  who  was  a  leader  in 
promoting  the  use  of  smaller  sizes  of  coal.  Mr.  Gowan's  innova- 
tion had  but  a  moderate  success.  It  is  my  impression  that  the 
Reading  Railroad  Co.  is  not  now  building  locon^otives  of  his 
type ;  and  I  am  inclined  to  think  that  the  economy  which  he 
sought  to  secure  is  now  attained  in  other  ways,  less  incon- 
venient to  railway-service — among  which,  I  fancy,  Mr.  Coxe's 
more  profound  and  permanent  improvements  play  an  impor- 
tant part. 

According  to  my  recollection,  Mr.  Loiseau  was  subject  to  no 
delusions  regarding  the  culm-heaps  as  a  source  of  his  raw  mar 
terial.  He  knew  very  well  that  he  must  have  practically  pure 
coal  for  his  briquettes ;  and  it  was  for  this  reason  that  he  put 
his  plant  at  Port  Richmond,  where  the  screenage,  before  fur- 
ther shipment,  of  coal  received  from  the  mines  would  furnish 
the  quality  of  coal-dust  which  he  required.  In  this  view  he 
was  clearly  right ;  for  this  secondary  screening  of  coal,  already 
more  or  less  freed  from  slate  in  the  breaker,  certainly  gives  a 
waste  product  immenselj^  richer  in  carbon  than  any  old  culm- 
heap  in  the  country.  There  is  one  other  way  of  obtaining  such 
a  product — namely,  from  the  yards  of  the  retail  coal-dealers, 
who,  receiving  their  anthracite  by  the  boat-load,  are  obliged  to 
screen  it  once  more  before  delivering  it  to  their  customers. 
And  this  last  screening  probably  furnishes  the  purest  coal-dust 
of  all.  Unfortunately,  the  amount  of  such  dust  accumulated 
in  a  single  dealer's  yard  is  not  likely  to  be  great  enough  to 
warrant  the  erection  of  a  briquette-plant  for  its  utilization  ; 
and  the  cost  of  handling  it  and  shipping  it  to  a  briquette- 
plant  at  some  other  point  would  be,  very  likely,  enough  to  pro- 
hibit such  a  disposition  of  it.  In  spite  of  much  loose  denun- 
ciation of  the  "  grasping  coal-barons  "  of  the  anthracite-region, 
I  venture  to  say  that  the  price  at  which  anthracite  is  sold  on 
railroad-cars  at  the  mine,  and  the  price  at  which  it  is  hauled 
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to  tide-water,  are  astonishiDgly  low,  especially  when  compared 
with  the  cost  of  every  subsequent  handling  of  it;  and  that  the 
utilization  of  any  coal-dust,  however  pure,  which  involves  its 
re-handling  and  re-transportation,  at  least  in  a  city,  makes  it, 
not  a  raw  material,  available  without  cost  as  "  waste,"  but  a 
material  more  expensive  than  coal  from  the  mine. 

Without  pursuing  this  argument  further,  I  wish  to  say  that 
Mr.  Blauvelt's  paper  evidently  describes  the  use  of  a  relatively 
pure  material.  It  presents  no  scheme  for  the  preparation  of 
black  slate  as  a  fuel.  And  Mr.  Birkinbine's  suggestion  has  in 
its  favor  the  strong  feature,  that  it  indicates,  as  a  source  of  sup- 
ply, stream-deposits  of  a  naturally  concentrated,  and  therefore 
presumably  pure,  raw  material.  But  an  engineer,  in  consider- 
ing this  suggestion,  is  impelled  to  inquire  whether  any  such 
stream-deposit  in  Pennsylvania  is  large  enough  to  warrant  the 
erection  of  a  briquette-plant  on  the  spot,  or  the  establishment 
of  mechanical  means  for  its  exploitation  and  a  railroad  for  its 
transportation.  If  this  is  not  the  case,  then  it  is  more  than 
^doubtful  whether  the  material,  even  if  offered  free  of  royalty 
by  the  owner  of  the  land,  could  be  dug  up,  carried  away,  and 
delivered  to  a  briquette-plant,  at  a  cost  permitting  competi- 
tion with  coal  from  the  mine. 

Edward  W.  Parkbr,  Washington,  D.  C.  (communication 
to  the  Secretary  *): — It  may  be  of  interest  in  connection  with 
Mr.  Blauvelt's  paper  to  refer  somewhat  to  the  antiquity  of  the 
briquette  industry.  It  is  being  considered  as  a  comparatively 
new  industry,  whereas  it  is  really  more  than  300  years  old. 
I  have  recently  seen  a  pamphlet  printed  in  Great  Britain  in 
1603,  advertising  '*  coal  balls  "  for  domestic  use.  The  inventor 
had  in  mind  two  benefits  to  be  secured :  one  was  the  utiliza- 
tion of  the  fine  coal  otherwise  wasted,  and  the  other  was  the 
provision  of  an  occupation  for  persons  who  had  lost  their  legs 
or  were  otherwise  incapacitated  for  performing  ordinary  labor. 
The  "  coal  balls  "  were  cemented  with  tar  and  molded  by  hand. 
The  pamphlet  describing  this  invention  and  the  claims  of  the 
inventor  is  in  the  possession  of  Prof.  J.  A.  Holmes,  of  the 
Technologic  Branch  of  the  U.  S.  Geological  Survey. 


*  Received  Mar.  11,  1910. 
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As  is  now  well  known,  the  history  of  briquette-making  in  the 
United  States  up  to  within  quite  recent  years  is  one  of  many 
failures,  and  it  is  probable  that  the  amount  invested  at  the 
present  time  in  practical  briquetting-operations  does  not  rep- 
resent 10  per  cent,  of  the  amount  invested  in  hopeless  enter- 
prises. The  reason  for  these  numerous  failures,  as  I  have 
already  stated  in  a  paper  presented  to  the  Institute,*  has  been 
the  attempted  exploitation  of  patented  and  secret  binders  and 
processes.  To  these  should  be  added  the  ignorance  of  the 
mechanical  problems  which  had  to  be  overcome  in  the  develop- 
ment of  methods  capable  of  producing  a  fuel  which  was  not 
only  useful,  but  which  would  compete  with  the  plentiful  and 
cheap  raw  fuel.  Fortunately,  it  has  now  become  generally  well 
recognized  that  the  binder  or  cementing  material  to  be  used 
is  one  in  which  coal-tar  forms  the  principal  ingredient  and 
which  must  be  cheap.  To  my  mind,  one  of  the  most  important 
and  encouraging  incidents  in  connection  with  the  development 
of  the  fuel-briquette  industry  in  the  United  States  is  the 
establishment  by  the  well-known  engineering  firm,  Roberts  & 
Schaefer  Co.,  Chicago,  of  a  separate  branch  devoted  to  the 
construction  of  briquette-plants,  of  which  C.  T.  Malcolmson 
is  now  in  charge.  This  specialization  means  that  it  is  not  now 
necessary  for  parties  contemplating  the  building  of  a  briquette- 
plant  to  go  ahead  blindly  in  the  construction  of  the  plant,  which 
might  result  in  installing  mechanical  arrangements  which  are 
ill-fitted  to  the  work  to  be  performed. 

I  am  looking  forward  hopefully  to  the  important  part  that 
the  briquette  industry  will  play  in  that  interesting  drami 
the  conservation  of  our  natural  resources. 


*  Trans,,  xxxviii.,  582  (1908). 
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Sullivan  Air  Compressors 


Mining  Service  Demands 
of  air  compressors  continu- 
ous operation  from  month 
to  month,  in  camps,  remote 
from  repair  shops,  where 
break-downs  mean  long  and 
costly  delay. 

A  HIGH  FACTOR  OF  SAFETY 

is  needed  in  the  vital  ele- 
ments of  construction,  to  ac- 
commodate unforeseen  calls 
on  capacity  without  danger, 
or  material  loss  in  efficiency. 

Conservatism  in  rating 
Sullivan  Air  Compressors, 
honest  material  and 
thorough  -  going  construc- 
tion enable  the  user  to  place 
full  confidence  in  them  for 
every-day  service  or  for 
emergencies. 

Catalog  85S. 


Diamond  Drills 
Hammer  Drills 


Striioht  Line. 


[,  Stkan  Diiive> 


Coal  Cutters 
SULLIVAN  MACHINERY  COMPANY, 

150  Michigan  Avenue,  Chicago,  Illinois. 

Birmingham,  Ala.           JopUn.  Mo,                     Pillaliurv                        ^an  Francisco 
Bulle  Knoi  villa  Roaalanrf  ''— ' 
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INSTRUMENTS 

FOR 

MINING  AND  CIVIL  ENGINEERS 

Standard  Weights  and  Measures  and 

Accurate  Mercurial  Thermometers. 


W.  &  L.  E.  GURLKY 

TROY,  N.  Y.,  U.  S.  A. 

BRANCH  FACTORY, 
MANUFACTURERS  EXCHANGE  BUILDING,   SEATTLE,  WASH. 

Catalogues  mailed  on  request. 
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INCERSOLL-RAND  CO. 


The  "Calyx"  Core  Drill 

For   prospecting   coal,    mineral    or   stone   properties,  or   for 

making   soundings   in    contract  work,  there    is    no   better 

machine  than  the  "  Calyx  "  Diamondless  Core  Drill. 
Chilled  shot  or  steel  cutters  replace  the  costly  diamond  bit  of 

the  "  diamond  "  drill,  at  once  ehminating  one  of  the  biggest 

items  of  cost. 
There  is  no  material  too  soft  or  too  hard  for  the  "  Calyx  "  to 

core  satisfactorily  and  economically. 
The  softest  coals  yield  perfect  cores  with  this  machine  ;  and 

cast-steel  and  corundum  rock  cannot  withstand  it. 
Steam,  gasoline  engine,  horse-power,  power  driven  or  hand 

types    are   furnished,  for  cores  from   1^  to  20  inches  in 

diameter,  for  depths  up  to  6000  feet. 
The    "Calyx"    does   its    work    from    30   to   50  per  cent. 

cheaper  than  any  other  core  drill. 
You  can  probably  buy  a  complete  "Calyx"  equipment 

for  the  price  you  would  have  to  pay  for  the  diamond 

bit  alone  for  a  diamond  drill. 
Let  UB  send  you  Pamphlet  9001.  discussing  the  core  drill  problem  in  full. 


H   BROADWAY,  NEW  YORK 
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EXTRACT  ALL  THE  VALUES 

1 

BY  USING 

1 

THE  FULLER-LEHIGH  MINING  MILL  1 

for  pulverizing  your  ore.     The  finished  product  de-          | 

livered 

by  this  machine   contains  the  highest 

per- 

centage 

of    mineral   available    for   extraction, 

and 

makes 

extraction  of  all  the  values  possible. 
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from  60  to  150  mesh.     In  one  operation  and  without          | 

subsequ 

ent   screening,   it  takes   l4"  material  direct          ■ 

from   crushers   and   delivers  4  to  6  tons   per  hour          | 

with  a 

consumption  of  less  than  65  H.P. 
Particulars  on  request. 

LEHIGH 

CAR,  WHEEL  &  AXLE  WORKS  1 

MAIN  OFFICE,  CATA8AUQUA.  PA. 

1 

NEW  YORK 

1        Fulton  Bldg,.  50  Church  El.                    A  Me rd am  7.                                  Scarritt  Bldg.             ■ 
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THE  SLOQAH  OF  THE  CAKEBOII—"  CHARACTER .    THE  OHANDEST  TH/HG  " 

Just  think  of  it ! 

only  40  cents  for  repairs 

in  4  years 

Read  what  this  Mine, 

Manager  says : 

" 

■■  The  Cameron  ib  bo 

well  known  to  me  thai 

it  will  doubllcBB  be  of 

you    lo  know  that  the 

concerns  with  which  I 

»m     ^lied    have    nitie  ; 

pumpa,  all  of  which  are  i 

recommendation  I  can  ' 

give  them  is  to  say  that 

it  ia  an  actual  fact  that  | 

we  have  had  one  No.  6  , 

pump  in  use  for  a  little   j 

over   four  yeart,   con- 

stantly  working   night  1 

■nd  day,  on  mine  water, 

and  in  all  that  time  the  1 

actual  cost  for  rrpairs 

has  been  40  cts.j  this  , 

was    for   a   new  set   of 

New  Cameron  Catalog 

BpringB.  which  goes  to 
show  that  the  Cimeron 

Edition  "E"  illustrates  and 

is  either  a  mighty  good 

describes  all  types  of 

pump,  or  the  coal  we  ' 

Cameron  Pumps. 

is  of  a  very  good  quali- 
>)-■■' 

Sent  on  request  to  interested 

C.  F.  FRASBR,           1 

pump  users  and 

Manager,      | 
Beaver  Run  Coal  Co. 

mining  engineers. 

A/toona.  Pa..  10-31-08.      | 

A.  S.  CAMERON  STEAM  PI 

JMP  WORKS 

Foot  E.  23d  Street       -       -       - 

NEW  YORK 
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BLASTING  SUPPLIES 

In  almost  all  classes  of  work  the  Electric  System  of 
blasting  is  the  safest,  surest  and  most  economical  in  the  long 
run.     The  appliances  necessary  are  : 

BLASTING  MACHINE  ELECTRIC  FUZES 

"Reliable"  "Vino." 

LEADING  WIRE  CONNECTING  WIRE 

To  explode  Blasting  Powder  electrically  use  ^ypQI^ 
Electric  Squibs. 

^IKHB^  Pocket  Batteries  for  blasting  in  coal  inines. 

Blasting  Caps  and  Safety  Fuse. 

E.  I.  DU  PONT  DE  NEMOURS  POWDER  COMPANY 

E.STABLISHED    lS02.  WILMINGTON,   DeL.,  U.  S.  A. 


Longest  Service!        Most  Economical! 

Adamantine  Chrome  Steel 

SHOES  AND  DIES 

FOR   STAMP  MILLS 
Canda  Self-Locking  Cams 
Tappets     t     Bossiteads 
Cam  Shafts     t     Stamp  Stems 


Re  preset!  led  by: 
enlury  BldR.,  nenver.  Col. 
\yvn.  724  Kohl  Bldg..  San  FranclECO.  Cal. 
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The  Only  Mine  Telephone 
You  Will  Eventually  Recommend 


4  Here  ia  the  Mine-A-PboiM  nuuiy  competent  mining  engineer*  have  helped 
u>  deiign,  and  you  can  depend  upon  it  being  an  initrumenl  that  ii  auita- 
ble  for  severe  u>e  underground  or  any  place  when  a  waterproof  telephone 
i>  needed.  Q  Water  cannot  enter  in  under  the  hood  or  back  of  the 
receiver.  The  content*  are  protected  from  all  injurioui  element!,  q  No 
other  mine  telephone  provide*  a  hermetically  isaled  inner  compartment 
with  apecial  impregnated  magnetic  vrindingi  and  Bpecial  plated  metal 
parts,  besides  a  metal  sub-base  for  the  generator.  No  wood  used  in  this 
telephone  that  «rill  warp.  Q  Four-inch  bell-metal  gongs  in  a  roomy  hous- 
ing give  a  distinct,  clear  signal.  Q  The  talking  and  signaling  apparatus 
is  of  our  standard  construction.  Q  Detachable  mounting  bars  and  a  choice 
of  a  pin  or  spring  snap  lock.  Q  The  cord  take-up  device  is  another  im- 
provement recently  added.  ^  We  are  originators  of  the  Mine-A-Phone 
and  make  mine  signaling  apparatus  adaptable  for  use  anywhere  wires 
can  be  strung.  Q  If  you'll  write  we  will  tell  you  more  reasons  why  as 
originators  of  the  Mine-A-Phone  system  we  can  serve  you  better  than 
anybody  else.  We  will  also  tell  you  of  several  thousands  of  mine 
owners  who  are  using  our  equipment  and  won't  experiment  with  any 
other  kind. 

Have  You  Got  NEW  Bulletjn  No.  1000  AD? 

SntOmEMKAIONmnNiD 

.^BHICAffi®.  SOX.  ISJQJS02U3  CITY.  MtKi 
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BEER,  SONDHEIMER  &  CO. 

Frankfort-on-Maln,  Oarmany 
NEW    YORK   OFFICE        -        -        42   BROADWAY 

Zinc  Orci,  Carbonates,  Sulphides  B.,d  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Uullion,  Lead  Bullion,  Lead  Ores,  Antimony 
Ores,  Iron  anil  Manganefe  Ores,  Copper,  Speller,  Antimony,  Ami- 
monial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dust. 

Owu  Snieltiu^  and  Refiuing  Works 


MINE 

PUMPS 

JEANESVILLE  IRON  WORKS  CO. 

HAZLETON,  PA. 


TRADE  I       I^^CXC)       MARK 

MANGANESE 

AND  tXTHER 

SUPERIOR  STEEL  CASTINGS 

Taylor  Iron  and  Steel  Company 

HIGH    BRIDGE,  N.  J. 

Sol,  Mmufa^Iur,,,  in  Amcnc,  under  rke  HndficM  SyXcm  Knd  Pxcmi. 


/UFKJN 

Tapes  and  Rules 

ARE  THE  BEST  IN  THE  WORLD. 

Made  by  THE  LUFKIN  RULE  CO. 

Eaglnaw,  MIoh.,  U.  S.  A. 
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Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

Theie  instmineDU  are  of  the  same  standard  quality  and  possess 
the  same  features  of  durability  and  workmanship  as  the  weU- 
known  Weston  standard  D.  C.  instmments.  They  are  so  low 
in  price  as  to  be  within  the  reach  of  all  users  of  electrical 
measoring  instruments. 

Weston  A.  C.  instruments  are — 
Dead  Beat 

Extremely  Sensitire 

Practically  iodepeodent  of 

Wave  Form  and  Temperature 
'  Error,  and  require  very  Little 

Power  to  operate 


Swltcfaboanl  A.  C. 
Imtrumeat 

Portible  A.  C 


FOR  D.  C.  CIRCUITS  OF  SMALL 
MINE  PLANTS 

Weston  Eclipse  Ammeters,  Miluammeters 
AND  Voltmeters 

are  well  suited.  They  are  of  the  "  soft-iron  "  or  Electro- 
magnetic type,  remarkably  Accurate,  well  made,  nicely 
finished,  ana  especially  low  in  price.  Weaton  Eclipse  in- 
struments are  far  in  advance  of  all  preceding  forms  of  the 
soft-iron  types. 
Write  for  catalogue  and  information- 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  n.  J.,  U.  S.  A. 

New  York  Office;  114  Liberty  Street. 

LoMKiN  Bkamjii  r  Audrey  House,  Ely  Place,  Holbom. 

Paris,  France:  E,  H.  Cadiol,  12  Rue  Si.  Georges, 

Bkkmn  :  huropean  Weston  Eiectrica.1  Insirumeni  Co.,  Riuerslrosse,  No.  S3, 


EstabUshed   187S 


F.  E.  BRANDIS,  SONS  &  CO. 

814  Gates  Avenue 
BROOKLYN  NEW  YORK 


WE    CONFINE    OURSELVES     5TR1CTLV    TO 
THE    MANUFACTURE    OF 

mining  and  Surveying; 
InstmmentB 

Our  motto  for  the  past  thirty-eight 
years  has  been  Mechanical  Perfection 
and  Unapproachable  Accuracy. 

Send  for  Catalogue  No.  17. 


COLLECTIVE  INDEX  ^°  ^%VuJ.^e^'*^^' 

TRANSACTIONS   A.  I.  M.  E. 

PBif-vK  J ^"'"J  '"  C'"'*''  •*  ("press  prepard); 

rKitai .  -j  B<mnj  )„  naif  Morocio  [o  malcli  TmnascUont,  Se  (eipreei  prepaid). 

AMERICAN    INSTITUTE   OF    MINING    ENGINEERS 


Mining  Transits  and  Levels 

The  "Bufl"  is  llie  siniplest  inslnimetit  to 
take  apart  in  the  field — fur  lubricating 
centers  or  cle»ning. 

Send  for  Catalog  No.  33 
BUFF  &  BUFF  MFG.  COMPANY 
Jamaica  Plain  Station,  MASS. 
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GOODRIC 

CONVEYOR  B 


'ice  requires  special  qualities  in  a  belt 
from  those  of  a  transmission  belt. 


Conveyor 
quite  disti 

For  ten  years,  the  skill,  means  and  huge  organ- 
ization of  the  B.    F.    Goodrich  Co.,  have 
been  used  to  develop  those  peculiar  qua! 
ties  to  the  MAXIMUM — the  result 
seen    in    the    Goodrich     "Loiglife" 
"Economy"  and  "Grain/ielt' 
veyor  belts — all  three  will  handle 

MORE  TONS 
PER  DOLLAR 
OF  COST 

than  any  other  belts 
made. 

THE  B. 


Tl» 

w 

BAI 

IRO 

COI 

:her 
ion, 

g's 

and    branches  throughout   the  c 

ountry 

Adverlisemenls. 


The-  v^rc/'hftvle  Patent 
it  Transit 


[-EBN  OUNCES 
edbj- 

,ion  (London.  Eng.) 


WRITE 

FOR 

BOOKLET 


The  STUPAKOFF  LABORATORIES 

PITTSBURGH,  PA. 

Most  modern  equipment, 

skillful  expert  tervice  for 

TESTING, 

CALIBRATING 

REPAIRING 

ELECTRICAL  MEASURING  INSTRUMENTS 

OF  EVERY  DESCRIPTION 


BALDWIN  ACETYLENE 
MINE  LAMP 

One  hundred  per  cent,  more  light  than  oil  ot 
candles  at  filty  per  cent,  less  cost.  Consumes  less 
than  one>[ounb  as  much  oxygen.  No  grease,  no 
smoke,  no  danger. 

Send  for  descriplive  circulars  and  records  of  lost 
in  mines  now  u^ing  the  lamps. 


JOHN  SIMMONS  CO, 


110  Centre  St.,  N,  Y, 


/\         ^^ 

BLUE  ENAMELED  PIH  GOLD  CROSS  HAMMERS  SEAL  FOB 

Sl],VKK  Goi.D  U01.D  Sri-VER  GoLP 

tO.75  $2.m  (2.75  (2.1)0  to  14.00    $12  to  (20 

Badges  of  the  above  designs  can  be  obtained  on  appliotioit  to  the  Sec'y, 
American  Institute  ol  Mining  Engineers,  zg  West  39th  St.,  New  York. 
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ELECTRIC    HOISTS 


DIRECT  CVRREKT,  ANV  VOLTAGE. 


ROPE  DRVHS  from  i6  Inches  to  5  fteet  In  diameter. 

These  hoista  are  made  wuh  interchangeable  parts,  machine-cut 
gear  teeth,  powerful  brakes,  with  or  without  friction-clutches,  and 
are  expeclally  nigged  in  const niction. 

MADE   IN   SIX   SIZES. 

Hoists  for  loads  of  i>00  to  20<ND  pounds  carried  in  stock  for  prompt 
delivery.     I^tirger  sizes  in  stock  or  in  process- 

C.  W.  HUNT  COMPANY 

Weit  New  Brighton,  NEW  YORK 

New  York  tliy :  li  Bro»div»y,  Chicago  :  IfllO  Flcher  BulMlne. 

AllsDM,  liBi. :  10)7  Khndes  Bunding.  Klchmond.Vs. :  Stale  Bank  Bulldlag. 

lina  franclsca:  MKi  Moiiadnock  Building. 


"S-A"  DEFLECTING  UP  PIVOTED  BUCKET  CARRIERS 

I  FOR    HANDLING 

Coal 

Stone 

Ores 

The  cut  shows  two  of 
our  carriers  installed  on  the 
Panama  Canal  for  handling 
crushed  stone  in  the  great 
crushing  plant  at  Porto 
Bello. 

Write  for  our  672-page 
Catalog  and  Bulletins. 

STEPHENS-ADAMSON 
MFG.  CO. 

AUBORA,  ILLIN0I8 

UriDCh  OfficMi  164  DiBrbora  Sl.,Chiciigo 
y>  Churth  Si.,  Nfw  Vork  Cily 
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PROFESSIONAL  CARDS 


ALDRIDGE,  WALTER  H. 

Consultins  Mining  and 
Metallurgical  Engineer 

Canadian  Pacific  Railway    TRAIL,  B.  C. 


BAXTER,  HAROLD 


Mining  Engineer, 


PHOENIX,  ARIZONA. 


BEATTY,  A.  CHESTER 

Consulting  Mining  Engineer, 

71  Broadway, 

NEW  YORK,  N.  Y. 

Cable  Addiess : 

Granitic. 


BRADLEY,  FRED.  W. 

Mining  Engineer, 

Crocker  Building, 

SAN  FRANCISCO,  CAL 

Cable  Addrea:  '<  Basalt "  8u  Fnueiiei. 
Code:  Bedferd-MoNelll. 


BREWER,  WM.  M. 

Commlting  Mining  Xngineer 
and  Geologist n 

P.  0.  Box  701,  VICTORIA,  B.  C. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 


CHANNING,  J.  PARKE 


Consulting  Engineer, 


42  Broadway, 


NEW  YORK. 


I 


COULDREY,  PAUL  S. 

Mining  Engineer, 

Superintendent  Mother  Lode  Mine 
B.  C.  Copper  Co. 

GREENWOOD,  B.  C. 


GARZA-ALDAPE.  J.  M. 

Mining  and  Metallurgical  Engineer 

Reports  on  Mexican  Mines 

Address  :  Calle  de  Rodriguez  No.  5 
(P.  O.  Box  No.  225) 

TORREUN— COAHUILA-MEXiCO 


GREENE,  FRED  T. 

Mining  JSngineer, 
SilYer  Bow  Club,        BUTTE,  MONT. 


HAMMOND,  JOHN  HAYS, 

Consulting  Engineer, 


71  Broadway, 


NEW  YORK. 


Code:  B9dford-McM%ni. 


HANKS,  ABBOT  A. 

Cliemlst  and  Assayer 

Established  1866 

Control  and  Umpire  Assays,  Supervi- 
sion of  Sampling  at  Smelters,  Chemical 
Analyses  of  Ores,  Minerals,  Mineral 
Waters,  etc. 

630  Sacramento  St.    San  Francisco,  Cal. 


COLLECTIVE  IXDEX  TO  THE  TRAl^S\CfiOS8 

OF   TMB 

American  Institute  of  Mining  Engineefs* 

See  Advertisement,  page  9,  January  number. 
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HARDMAN,  JOHN  E. 

Consulting  Mining  Engineer, 


1 1 2  St.  James  St. 


MONTREAL,  CANADA. 


HAWXHURST,  ROBERT,  Jr. 


62  London  Wall 


LONDON,  E.  C,  ENGLAND 


VICTOR   G.  HILLS 


FRANK  G.  WILUS 


HILLS  &  WILLIS, 

Mining  Engineers, 

McPliee  Building,  DENVER,  COLO., 
and  CRIPPLE  CREEK,  COLO. 

Cable  Address :  "  Hillwill  ' ' 


HOYLE,  CHARLES 

Mining  Engineer, 

Apartado  8,  El  Oro, 

ESTADO  DE  MEXICO,  MEXICO. 


JENNINGSp  E.  P. 

Consulting  Mining  Engineer, 

607  Newhouse  Building, 

SALT  LAKE  CITY,  UTAH. 


Kempton,  C.  W.  &  P.  B.  McCoy, 

Mining  Engineers, 

42  Broadway, 

NEW  YORK. 


Mining, 
Milling^ 
Exploration^ 


Oible  Addrafls :  "MaeUm,"  JT&w  T&rh, 
Code:  WB9tem  Union* 


KERR,  MARK  B. 

ConouUing  JSngineer 

imiB  BuUdlng,  SAN  FBANCISCO,  CAL. 

Pittsburg,  Gold  Flat  Mines  Company 


KIRBY,  A.  G. 

Metallurgist 

Ore  Testing,  Mill  Designing  and  Construc- 
tion.   Specialty  Concentration  and 
Cyanidation. 

Rooms  19-20  Gazette  Building,  RENO,  NEVADA 

Temporary  Address :  Cobalt,       ONTARIO 

c/o  Nova  Scotia  Silver  Cobalt  Mining  Co. 


IRWIN,  FREDERIC, 

Mining  Engineer, 

General  Manager  Trade  Dollar  Con- 
solidated Mining  Co., 

DEWEY,  IDAHO. 


KLEPETKO,  FRANK 

Consulting  Engineer 
Mining  and  Metallurgy 


42  Broadway 


NEW  YORK 


LEGGETT  &  HELLMANN, 

Consulting  Mining  Engineers, 

as  Broad  St..  New  York  City. 

19  California  St.,     San  Francisco,  Cal. 
alisbury  House,     London,  E.  C,  Eng. 

Cables:  Legmano,  N.  T.    Code:  Bedford-IcNeill. 
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LAW,  PAUL  W. 

Mining  and  Consulting  Engineer 

Real  del  Monte,    HIDALGO,  MEXICO 
Apartado  No.  8 


LEDOUX  &  COMPANY 

Aeeayers  and  Samplers 

99  John  Street,  NEW  YORK 

Independent  Sampling  Works 
New  York  and  Jersey  Citj 

Kepresentatives  at  all  refineries  and 
smelters  on  Atlantic  seaboard 


LOWE.  HENRY  P. 

Consulting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 

Bedford  McKelU  Code, "  Love,  Denver." 


MAYNARD,  GEO.  W. 

Mining  and  Metallurgical  Engineer, 
20  Nassau  Stzeet, 

NEW  YORK,  N.  Y. 

Code:  Bedford -McNeill. 
Cable  Address-  Metallurgy. 
Telephone:  1957  John. 


MYERS,  DESAIX  B. 


Mining  Engineer 


321  Story  Building 


LOS  ANGELES 


PARKER,  RICHARD  A. 


Consulting  Mining  Engineer 


404  Colorado  Building  DENVER 


RAYMOND,  ROSSITER  W. 

Mining  Engineer  and  Metaiinrglst 

29  West  Thirty-Ninth  Street 


NEW  YORK 


REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRID6E,  COLORADO 
Cable:  "Dredger" 
Code:  Bedford-McNeil 


RICHARDS,  ROBERT  H. 

Ore  jDrtsaing 

Massachusetts  Institute  of  Technology 

BOSTON,  MASS. 


RICKETTS  &  BANKS, 

104  John  St.,  New  York, 

Mining,  Metailurgicai  and 

Chemical  Engineers; 

Examination  of  Properties.  Testing  of  Ores 
for  Best  Process  of  Treatment.  Consultation 
In  Mining,  Metallurgical  and  Milling  Practice. 


RIOROAN,  D.  M. 

Consulting  Engineer, 

Mining  Investigations  especially  carefully 

made  for  responsible  intending  investors. 

City  Invtsting  BIdg.,  166  Broadway,  New  York. 
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PROFESSIONAL  CARDS 

SMITH  4  LAIRD, 

/FRANKLIN  W.  8MITH\ 
VGBORGB  a.  X,JkIRD        ) 

Gon8Mltino  MInIno  Engineers, 

BI8BEE.  ARIZONA. 

Bedford  McNeill  Code 
Cable  Address  <•  Dailamirth  ** 

TREDWELL,  WILBUR 

MIningi  Engineer 

PHCENIX,  ARIZONA 

SPILSBURY,  E.  GYBBON, 

ooniiatiiig,  Civil,  mmnir 

and  Metallvrgioal  Bnglneer, 
45  Broadway,               NEW  YORK. 
Cable  Address :  *'  SpUroe,''  JTeur  Fork. 

VAN  UW,  CARLOS  W. 

Director 
Cia.  de  Real  del  Monte  y  Pachucn 

Pachuca,  Hidalgo             MEXICO 

SYMIIES.  WHITMAN 

Mining  Engineer 

Manager  Ward  Shaft  Association  ; 
Union  Shaft  Association 

VIRGINIA  CITY,  NEVADA 

YEATMAN,  POPE, 

Mining  Engineer, 

165  Broadway,              NEW  YORK. 
Cabui  Address  -IkotHL** 

The  Bulletin  of  the  American  Institute  of 
Mining  Engineers  is  an  exceptionally  effective 
medium  in  which  to  advertise  mining,  metallurgical 
and  chemical  equipments  and  supplies.  Write  for 
rates. 


Twenty-four  MUeis  of  Steel  Pipe  Line 

At  Portland,  Obeoon.  will  be  coated  with 

^^PIO^HHR"  MI^BRAI^  RUBBHR  PIPB  COAXINO 

This  material  has  just  been  specifically  ordered  by  Engineer  D.  D.  Clark  of  the 
Portland  Water  Board.  The  pipe  is  Aimlshed  by  the  East  Jersey  Pipe  Co..  of  Paterson, 
New  Jersey,  and  the  surface  to  be  covered  amounts  to  about  3,200,000  square  feet.    For 

fourteen  years  "Pioneer"  Mineral  Rubber  Pipe  Coating  has  been 
pntvlng  that  It  out-classes  every  other  known  material  designed  for 
Y^-iAUt.'Myy:^^  steel  pipe  preservation.  "  Bioneer  '*  ia  alwayB  apeeifled  ^here 
*^W^SSmKm  PERMANENCY  and  PROTECTION  artt  abndutely  essentiai. 
Write  for  data  on  Pipe  Coating,  Field  Paints,  Insulation  Paints, 
Ready  Roofing,  etc. 

.-/if^9Jir^' jsr     ^^^  AMERICAN  ASPHALTUM  ft  RUBBER  CO., 

600-614  Harvester  Building,  Chicago. 
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ii'fkctrk 

Mine 
Telephones 


Fire,  Moisture  and  Rust  Proof 

llie  apparatus  inside  the  set  is  doubly  protected  (rom  rooislure,  acid  fumes  and 
gases  by  two  iron  doors.  Even  when  in  use  only  one  of  these  doors  is  open,  and 
when  not  in  aclual  service  both  door^  are  closed. 

But  Iron  doon  alone  are  not  depended  upon  Tor  protection.  The  windings  of 
the  receiver,  bell  coils  nnd  induction  coilt  arc  specially  treated  with  a  compound  for 
added  protection,  and  all  the  interior  wiring  is  rubber  covered  and  ronned  into  cables 
to  prevent  injury. 

OTHER  FEATURES  ARE: 

Efficiency 

Reliability 

Accessibility 

and  Durability 

You  can  depend  upon  these  telephones  in  emergencies. 
Nothing  has  been  left  undone  to  make  these  sets  absolutely 
reliable.  They  are  designed  by  the  same  engineers  and 
made  by  the  same  manufacturers  as  the  celebrated  "  Bell " 
telephones  in  use  to-day  throughout  the  world. 
Write  our  nearest  house  for  prices, 
information  and  Bulletin  No.  2264. 


COMPANY 

New  Votk            Chicago                „ -  ,^ ,,.,  St  Louli  San  Fn 

Philadelphia      i^^unapoli.      *"MSoo'^'*'  S??^  ^"^  '^  *- 

gS^urg            Cincinnati           "Jt««^'  iv/»jrik4««  Dallaa  ^'V 


Indianapolis 

Cincinnati  _  .  .     _.  ..    .                i,.>™. 

Mlnneapolli  Omaha               Salt  LakeCttJ 

to        mnnipej  Vancouver        Antwerp       London       Berlin       Fa™ 


Baldwin-Westinghouse 
Mine  Locomotives 


r 


Baldwin -ViTcBtinehouBe  '•  Outside  "  Steel  Fnime  Locomotive 

THE  EXPERIENCE  AND  FACILITIES 

of  the  Baldwin  Company  as  designers  and 
builders  of  locomotives  and  of  the  Westing- 
house  Company  as  designers  of  electrical  appa- 
ratus, are  joined  in  the  construction  of  Baldwin- 
Westinghouse  Mine  Locomotives.  They  are 
built  in  capacities  and  types  to  meet  every 
condition  inside  and  outside  the  mine.  Com- 
pactness, sturdiness,  reliability  and  low  mainte- 
nance cost,  are  features  appreciated  by  the 
mine  owner. 

Ask  eillier  CiiTDimiiy  for  particulars. 

Baldwin  Locomotive  Works       Wettingboiise  Electric  &  Mfg.  Co. 
PHILADELPHIA,  PA.  PITTSBURG,  PA. 


G.  E,  Cenlrifugal  Air  Compressor  Direct  Driven  by  Curtis  Steam  Turbine. 

Twenty-four  Days' 
Continuous  Service 
Without  Attention 

A  li.  K,  Air  Compressor  installed  on  a  large  ocean  sleanithip  for  supplying 
the  air  blast  to  its  oil-lired  furnace  mode  this  renvarknble  record.  In  speak- 
ing of  the  performance,  the  engineer  said;  "  Kroni  the  time  it  was  installed, 
during  the  entire  voyage  of  iwenty.four  days,  the  compressor  required  no 
■ttention  whatever." 

General  Electric 
Centrifugal  Air  Compressors 

(Electric  motor  or  ■tean  turbine  driven) 

have  characlerisucs  which  inanre  reliable  operation. 

Two  valuable  featiues  are : 

No  Wearing  or  Due  to  the   absence  of  wearing  or  robbing  parts, 

—         - —  there    la    no    leakage    and  consequent  falling  off  in 

Rubbing  Parts  pressure  and  output,  no  matter  how  long  the  com- 

pressor  is  in  operation. 

A  Single     The  impeller  of  the  compressor  and  the  rotor  of  the  driving 

apparatus   are   on    the    same    shaft.     The  cumbersome  and 

Shaft  noisy  gear  or  belt-driven  apparatus  has  no  compaiiKon  with 

theG.  E.  Ceiiirifugal  type  in  economy  of  operation  or  freedom 

from  breakdown. 

Let  us  send  you  lluu.HTIN  4564,  which  describes 
these  remarkable  compressors  in  detail. 

General  Bectric  Company 

Principal  Office,  Schenectady,  N.  Y. 

Sales  Offices  in  all  larse  cities. 


